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ABSTRACT 


Recent improvements in rare earth magnets have made it 
possikle to construct strong, lightweight, high horsepower 
DC motors. This has occasioned a reassessment of electrome- 
chanical actuators as alternatives to comparable pneumatic 
and hydraulic systems for use as flight control actuators 
for tactical missiles. A dynamic equivalent circuit model 
for the analysis of a small four pole brushless DC motcr fed 
ty a transistorized power conditioner utilizing high speed 
switching power transistors as final elements is presented. 
The influence of electronic commutation on instantaneous 
dynamic motor performance is particularly demonstrated and 
good correlation  Letween computer Simulation and typical 
experimentally obtained performance data is achieved. The 
model is impiemented in CSMP language and features 
improvements in transistor and diode models as well asa 
more accurate air gap flux representation over previous 
work. Hall effect sensor rotor position feedback is simu- 
lated. Both constant and variable air gap flux is modeled, 
and the variable flux model treats the flux as a fundamental 


and one harmonic. 
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I. INTRODUCTION 

Electronically  ccmmutated brushless DC motors are 
increasingly beccming practical for numerous applications. 
The advantages of these motors over conventional brush-type 
LC motors are smaller size and lighter weight per horse- 
power. The increase in power over conventional DC motors is 
realized by the use cf three phase circuitry commonly found 
in synchronous AC motors which results in additional motor 
current-magnetic flux interaction not available with conven- 
tional DC motor designs. The elimination of the trush 
commutation and rotating armature allows operation at higher 
speed with higher currents and improves the thermal charac- 
teristics of the motcr as heat generating windings will be 
contained in the stator which can be more efficiently 
cooled. 

In this thesis, an equivalent circuit motor-power ccndi- 
tioner modeling apprcach is used to predict the dynamic 
performance of a typical brushless DC motor for a fin 
control actuator assembly. The interaction of the power 
conditioner final drive elements with the stator currents is 
demonstrated in addition to the rotor magnetic flux - stator 
current interaction and interdependence. Numerical results 
of steady state operation are compared with experimentally 
cbtained instantaneous voltages and currents in amplitude 
and in profile. After demonstration of steady state opera- 
tion cf the model, start-up and reversal transients are 
predicted. 

The model developed in this thesis is part of a ccntin- 
uing program to develcp a comprehensive simulation for a fin 
contrcl actuating system which has been the subject of 
previous work (Ref. 1 and 2] and is subject to further 


develcpment. 


The object of this thesis is to extend previous work on 
brushless DC motors [Ref. 1] to include switching character- 
istics of power transistors and diodes in such a manner as 
to provide a coherent model of power conditioner final drive 
elements and a brushless DC motor. Additionally, the 53 ዉኳ፦ 
laticn provides steady state as well as instantaneous 
dynamic performance during start-up and sudden reversal of 
the rotor. The TIEM Continuous System Modeling Prcgran 
(CSMP) was chosen primarily because of the inherent attri- 
butes of CSMP for modeling dynamic physical systems. 
Inasmuch as previcus model development utilized this 


language, scme continuity of development is maintained. 


II. SYSTEM DESCRIPTION 


A. SYSTEM BLOCK DIAGEAM 


The simulation diagram for the model is depicted in 
Figure 2.1 and demonstrates the interrelation between the 
magnetic flux model, the torque coefficient, and the gener- 
ated tack erf voltage. The nonlinear nature of the gener- 
ated voltage and torque is indicated by the multipliers in 
the diagram for angular speed times the magnetic flux, 
W(t) Q(t), used in the back emf calculation and the motor 
current times the magnetic flux, 1I(t)0(t), used in the 
"generated torque calculation. The three phase electrical 
simulaticn calculates three phase currents, which are multi- 
plied by the torque coefficient and normalized flux rodel 
for each phase resulting in a torque due to the current in 
each phase. The motcr torque is the sum of the three phase 
torques, and the net torque is the motor torque less the 
load torque. Motor rctation is then calculated by aprlying 
the net. torgue to the rotor inertia and viscous fricticn. 
The integral of the rotor angular speed is calculated for 
angular position, which is fed to the flux and transistor 
logic models to ccrtrol the generation of conduction 
currents for each phase. The transistcr model and magnetic 
flux model are discussed in Chapter Three and Chapter Four, 


respectively. 


10 


(9)0 


TIGON 
X113 





S 
| 





meibeta uoTjeTNUTS 
JSQUOTIZTPUOJ 3Jo^Od pue 1030Q L^z aanbta 


Slit 


+ 
ነ Lad s 
y ገሩ ጻ An 


SZ ced 


HI TIOYINO9 31907 
UANOILIGNOD HAMOd 


ro 


11 


me. 


TABLE 1 
Typical Motor Parameters 


Parameter Value Units 

Stator resistance, Ra 1.37 Ohms 

Stator Inductance, La 0.0016 Henrys 

Torgue coefficient, Kt 15.9 Oz-In/amp 

Reverse voltage 0.112 Volt-Sec/Rad 
coefficient, Kb 

Rector inertia, Jn 0.001 Oz-In/Sec 

Viscous friction 0.022 Oz-In-Sec/Rad 


coefficient, Em 


a ee 


B. MCTOB CONFIGURATICH 


The motor simulated in this thesis isa three phase, 
four pcle device typical of modern brushless DC motcrs as 
descrited in (Ref. 1). Typical values for the motor parame- 
ters are contained in Table I. The listed values of resis- 
tance and inductance are aS measured across two windirgs as 
the motor is only a three wire device as pictured in Figure 
2.2. It should be noted that the motor inertia is very low; 
a typical rotor diameter is of the order of one inch and 
results in a very small mechanical time constant. A tran- 
sverse cross sectional view of rotor and stator for a the 
model motor is shown in Figure 2.3, with the rotor ir the 
zero (or 180) degree position. The magnetic rotor can be 
seen to have north and south poles separated ky ninety 
degrees. This generates a flux distribution which alternates 


polarity every ninety mechanical degrees as depicted in 
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Figure 2.2 Motor and Commatating Transistors 


Figure 4.4. Since tte phase windings are separated Ly sixty 
mechanical degrees, the flux in each phase is seen to have a 
sixty degree phase shift with respect to the adjacent 
phases. The explanation of the shape of the model flux is 
discussed in Chapter Four. The electronic commutation must 
ke performed in such a manner as to complete two electrical 
cycles fcr each mechanicai rotation since the flux distritu- 
tion completes two cycles in one rotor rotation. The ccomu- 
taticn ci the armature (stator) current is accoaplished 
every thirty degrees cf rotor rotation because a new winding 
"enters" the magnetic field with every thirty degrees of 
rotation simultaneously nita another winding "leaving" the 


magnetic field. The sensor and Switching logic for motor 





Figure 2.3 Motcr Stator and Winding Configuration 


rotaticn is tabulated in Table II, and indicates the sensor 


logic level (RPS), and connection of the phase terminals for 


both clockwise and counterclockwise direction for each 


thirty degrees of rotcr position. Note that regardless of 


directicn of rotaticn, the rotor position logic remains 


constant for a given rotor position, and 
tions between 180 degrees and 360 degrees 
shable frcm rotor positions tetween zero 


tecause of the rector symmetry. 
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and 180 degrees 


TABLE II 


Senscr and Switching Logic 


| | 
| 
| 
x Counterclockwise Rotation | 
KCTOR RES AS RES PHASE PHASE PHASE | 
| PCSITION A E € A B 6 | 
0 0 1 0 open neg pcs 
30 1 1 0 pos neg open | 
60 1 0 0 pos open neg 
90 1 0 1 open pos neg | 
120 0 0 1 neg pos open | 
| 150 ዐ 1 1 neg open pos | 
Clockwise Rotation 
KOTCR RPS RES RPS PHASE PHASE PHASE 
POSITION A B C ል B ር | 
0 0 1 0 open OS ne | 
| 36 1 1 0 neg bos open | 
60 1 0 0 neg open pos 
| 90 1 0 1 open neg pos | 
| 120 ዐ 0 1 pos neg Oren | 
150 0 1 1 pos open neg | 


C. ACTOR SYSTEM EQUATIONS 


Derivation of tke basic motor system equations (egua- 
tions 2.1 through 2.8) Was accomplished by Thomas in 
[kef. 1] and they are repeated here for convenience. From 


Kirchofi's voltage law, the stator voltage must be: 

Es(t) = LdI/dt * RI(t) + Eb(t) (2.1) 
where the Lack emf voltage can be described by: 

Eb(t) » (Kn Q)m(t) = KbWm(t) (2.2) 


or ፻፲ (ቲን) -» Kbdenm(t)/dt 
since dem(t)/dt = Wm(t). 
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Rearranging Eguaticn 2.1 for the highest derivative on the 


left side yields: 

dI/dt = (1/L) Es(t)-(R/L)I (t) -(1/L) KbWm (t). (2.3) 
The mechanical torque balance equation is: 

Tm (t) = JdWn(t)/dt + BWm(t) + T1(t). (2.4) 
Bearranging yields: 

dWm(t)/dt - (1/J) Tn(t) - (1/9) T1L(t) - (B/J) Hm (t) (285) 


The total viscous friction (B) and total load inertia (J) is 


represented as follows: 


B = Bm + Bl (236) 

J = Jn + Jl (2.7) 
where Bl = Blp/N and Jl = Jlp/N. Blp is the viscous 
friction associated with the load, Jlp is the load inertia 
and N is the gear reduction ratio. The link between the 


electrical and mechanical equations is the torque constant, 


which is derived from the magnetic flux: 
Tm(t) = KmdI(t) = KtI(t). (2.8) 


The kasic equaticns have been enhanced in this rodel to 
take advantage of inherent sign conventions, particularly in 
directicn of current flow. This in turn makes the commuta- 
tion rrocedure more apparent in the generated graphics. For 
exanple, the primary motor currents are depicted in Figure 
22, each having an assigned positive direction as 
pictured. The difference between IAB and ICA yields IA, IBC 
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minus IAB equals IB and ICA minus IBC equals IC. The current 
flow cannot always be positive as depicted, since the sum of 
the three phase currents must be identically zero by 
Rirchcff's current law. Therefore, at least one of the 
currents IA, IB or IC must be negative at any given tine, 
representing a flcw of current returning to the power 
supply. From the current waveform it is immediately 
apparent which phase is connected to the negative supply and 
which is connected to the positive supply simply by 
cbserving the polarity of the current (see Figure 5.2). The 
concert of the positive and negative supply voltages is 
totally eguivalent tc a single positive (or negative) supply 
as used in [Ref. 1] and since the drive currents are calcu- 
lated from the difference of two fictitious currents, a 
Single supply will werk in the simulation, but the split 
supply enhances the symmetry of the motor currents and volt- 
ages. This change allcws for improved modeling and conceptu- 
alizaticn of transient studies as discussed in the next 


secticn. 


D.  MCLEI DEVELOPMENT 


The tasic simulaticn of the brushless DC motor by Thomas 
used a single positive or negative power supply and superin- 
posed armature leg currents to produce the measured motor 
performance. Motor drive was then realized by multiplying 
averaged armature currents by a torgue factor for the model 
under development. In tne this model the supply is a split 
supply of equal voltages. Armature current is assigned a 
positive sign if it flows in the positive direction (i.e. 
into the motor) as shown in Figure 2.2 and a negative sign 
if it flows in the cpposite direction (i.e. out of the 
motor) as discussed freviously. A secondary result of the 


model of commutating transistors and split supply is that 
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motor reversal cannot be accomplished by reversing the 
polarity of the power supply as in [ Ref. 1] but must instead 
Le accomplished as ina typical power conditioner by proper 
reverse sequencing of the commutation, shown in Table II, 
and discussed in Charter 5. 

Several models were produced whereby each model repre- 
sented a completion cf a particular aspect of the system 
such as motor air gar flux and power conditioner transistor 
Switching characteristics. The early models were developed 
from single ideas such as instantaneously Switching, zero or 
infinite resistance transistor switches and constant air gap 
flux. Each model improved a particular area under develop- 
ment until it was thought to be a suitable representaticn of 
an actual motor or power conditioner feature. 

The first model incorporates a sguare wave of kack emf 
(constant flux) and endeavors to demonstrate transistor 
commutation effects. The transistor Switching is instanta- 
neous and is accomplished within the “commutation and Hall 
effect" procedure (see Appendix C). 

The second model introduces changes in the transistor 
Switching. While switching is still instantaneous, tyfical 
values of transistor saturaticn and cutoff resistance are 
procedure instead of being accomplished by that procedure. 
This feature ieads to the next model which Simulates the 
actual rise time and saturation delay of power transistor 
Switching. This model is the basis for all subsequent simu- 
lations involving increased model complexities such as the 
Sinuscidal flux model. 

The remaining simulations develop the voltage and 
current relationships between the motor and electronic 
commutator final drive transistors and incorporate sinu- 
soidal magnetic flux nodels consisting of a fundamental and 


fifth harmcnic as described in Chapter Four. These prcgram 
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listings are contained in Appendix B. The first of these 
models continues to simulate the transistors without the 
protecting diodes (which are shown in Figure 2.2) in crder 
to demonstrate the inductive voltage transients produced by 
opening one of the stator winding circuits with a transistor 
switch. The next mcdel adds the damper diodes to the power 
conditioner to fully simulate the power conditioner final 
drive elements. The final model takes all the complications 


of the preceeding ones and depicts the transient behavicr of 


the system during reversal ("plugging") of the rotating 
motor. The results of computer runs using this ncdel are 
discussed in Chapter Five. No attempt has been made to 


reduce the order of the model in these simulations since the 
desire was to observe both the fast and slow time constant 
effects. The numerical integration of the differential egua- 
tions of such a "stiff" system to evaluate the steady state 
behavior can be somewhat time consuming. Transistor time 
constants are user adjustable as are saturation and cutoff 
parameters. The motcr parameters used for the model devel- 
cpment are typical fcr the brushless motors now availatle 
for this type of application, but are not representative of 
any particular motor. As such, all motor parameters are 
user adjustable to ccnform to any desired motor perfcrmance 


that would meet design objectives. 
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III. ELECTRONIC COMMUTATION 


A. THREE PHASE BRIDGE CIRCUITRY 


The three-phase, four pole brushless DC motor is 
depicted in Figure 2.2. The transistor and diode configura- 
tion is very Similar in appearance to a three phase full 
wave bridge rectifier circuit and acts ina very similar 
fashion. The composite flux shown in Figure 4.6 is a demon- 
stration of this similarity. The composite flux actually 
corresponds to the peaks of the back emf voltage wavefcrm in 
Figure 4.5 as if it were rectified in a three phase full 
wave bridge rectifier. This figure was generated by taking 
the normalized flux model for the two conducting phases 
during «each commutation interval, adding them tcgether, 
multiplying by the torque coefficient and converting to 
webers (the torque  ccefficient has the same basic units of 
force-length/amp). Actually, the diodes may be used as a 
full wave bridge rectifier for some applications (e.g. to 
recharge tatteries) when the motor is driven Ey the lcad 
torgue and acts as a generator [Ref. 3]. 

Transistors Q1 through Q6 control the current Switching 
in acccrcance with tke timing diagram in Figure 3.1, where a 
logical "1" correspcnds to the transistor being in the 
conducticn mode. This diagram was derived for counterclock- 
wise rotation (positive direction) as the current will be 
positive in each winding as the north pole of the rotcr is 
positioned in its field (positive flux) and the current will 
te negative when the south pole of the rotor is positioned 
in its field (negative flux). A similar timing diagrar can 
Le made by considering the logic for clockwise rotation 


(negative direction) in Table II. 
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TRANSISTOR SWITCHING LOGIC 
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ROTATION ANGLE, DEGREES 


Figure 3.1 Transistor Timing Diagran 
(Level 1 Represents "0n") 
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B. SWITCHING TRANSISTOR DYNAMICS 


Behavior of transistors in the cutoff and saturation 
regicns differs somewhat from the more typically understood 
smali signal models. Some discussion of switching charac- 
teristics and the resulting model is in order. This discus- 
Sion assumes a generic transistor and is equally correct for 
PNP and NEN devices, as the discussion describes primarily 
base region effects. It night be necessary to keep in mind 
that electrons are majority carriers for n-type kase regions 
and holes are majority carriers for p-type regions. This 
discussicn of transistor behavior follows that fcund in 
[Ref. 4]. 

When a transistor is operating in the cutoff region, the 
emitter and collectcr are reverse biased, base region 
Minority carrier concentration is practically zero at the 
junctions, and each junction is drawing some fraction of 
leakage current Ico. The majority carriers which are 
collected at the junctions are thermally generated in the 
kase region, and a (small) minority carrier current will 
flow cut cf the base terminal to keep the Ease region 
neutral. The amount of minority carrier charge stored in 
the base region is negligibly small. 

To turn the trarsistor on, charge carriers must be 
injected at the emitter junction so that there will bea 
large charge gradient toward the collector. This means that 
there must be minority carriers stored in the base region 
and there must be a corresponding change in majority 
Carriers to neutralize the stored charge. Thus current 
flows into the base region through the base terminal as the 
storage takes place. If the base current is suddenly 
increased, there will be a large charge distribution 
gradiert near the emitter and a small gradient near the 


collector, the difference in slope being proportional to the 
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tase current. Evertually the charge distribution will 
become more uniform with a constant gradient of charge 
between the emitter and collector. This is the normal 
active transistor region. If the load line of the circuit 
is such that the transistor is allowed to pass through the 
active region and enter the saturation region, the ccllector 
current reaches a maximum value and cannot increase. The 
coilector to base voltage is then very small, but the base 
current can be increased further so that the zincrity 
carrier distribution in the base region has essentially zero 
gradient from the emitter to collector. This creates a 
large excess of minority carriers at the collector junction 
which in turn causes the collector to be forward tiased. 
This isa state in which there is more charge at the 
collector than the collector can collect. Tam this Cendi-= 
tion, the collector to emitter voltage is smaller than 
either of the juncticn voltages. 

The amount of charge stored in the base region in this 
conditicr is very large. Additionally, since the collector 
junction is forward tiased, excess minority carriers will 
cross the junction from the base region and, if the mincrity 
carrier lifetime is sufficiently long, be stored in the 
collector region as well as in the base region. This stored 
minority-carrier charge has a deleterious effect on the 
turn-cfí time of the transistor. In order to turn off the 
transistor, the mircrity carrier density at the collector 
junction must be reduced to zero for the collector vcltage 
to start to recover. When turn-off begins, the charge 
gradient is smaller at the emitter than at the collector, 
resulting in current flow inte the base lead and mincrity 
carriers disappearing from the kase region. 

The collector current remains unchanged until the 
storage period is over and collector voltage remains small. 


As the transistor enters the active region, the remaining 
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charge is swept out of the collector and emitter. The 
Minority carrier density at the collector 1S again small, 
and the charge gradient is decreasing rapidly. AS socn as 
Minority carrier density reaches zero at the emitter, it may 
also teccme reverse kiased. This turn-off process is one of 
the impcrtant limitations on the switching respense of 
transistcrs. 

The turn-on time for a simple switch is approximated by 


the fcllcwing equaticrs: [Ref. 4] 








CC: Le = (os exp 7.) (3.44 
| 

pe Cas (= ed) (E 

Col L. = e lzon (1 - exp = (3.3) 

Tee = g ao (3.4) 

where ` d, = = 2 (3.5) 

and Æ - 21 (3.6) 


and 4), is the -3dB alpha cutoff frequency. 

The effects of overdrive and reverse drive on transistor 
Switcking performance are demonstrated in Figure 3.2. RE 
not overdriven, it takes apprcximately three time constants 
(Tcc cr Ice) to reach saturation. A significant imprcvenent 
in rise time is realizeable by the use of base overdrive. 
If a transistor is overdriven, its effective gain is 
decreased, but this has the effect of slightly reducing the 
time constant while, rore significantly, attempting to drive 
the transistor to higher steady state current--resultiny in 
a greater initial slcre. The ccmbination of the two effects 
results in rise times on the crder of .7 time constants to 


reach saturation. 
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The turn-off time for a simple switch is characterized 


by the following equations: [Ref. 4] 





Å ። ከ fi 
ete de trp Tee ይጨ፡፡ n.) በልህ) 
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and I. and IÇ are currents just pricr to turn-off, and 
Ig, Off is the base drive current immediately following turn- 
Git iia taat LOD. An inspecticn of equations 3.7 and 3.8 
reveals that the turn-off time is affected by twc mecha- 
nisms, che of base drive current and one of collectcr or 
emitter current initial condition. Reducing the initial 
condition of collector or emitter current or increasing the 
kase drive current results ina proportional decrease in 
turn-cff time. 

One cf the difficulties cf overdrive is storage time 
which 1s a function of the excess base current. Stcrage 


time for a Simple switch is described by equations 3.9 and 


J. 10: 
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and Op corresponds to cg with collector and emitter termi- 
nals reversed, and Wo is the -3dB alpha cutoff frequency 
with collector and eritter terminals reversed. (Ref. 4 and 
= E 

It is most desirable to minimize the storage time and 
this can be accomplished by overdriving during turn-cn, 
reducing the base drive to hold the transistor near 
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saturation and finally drive it off quickly using reverse 
drive. This can be accomplished neatly and simply by 
bypassing the base resistor with a suitably sized capacitor 


as discussed in [Ref. 6 :p. 784]. 


C. MODEL OF SWITCHING TRANSISTOR DYNAMICS 


Ihe preceding discussion leads into the modeling of the 
transistor switches as dynamic elements. The most desiratle 
transistcr model would be of low order and not add signifi- 
cantly tc the program complexity since the motor dynamics 
are the prime concern. 

The initial models were developed with the transistor 
switches acting instantaneously between cutoff resistance 
and saturation resistance. This was satisfactory as lcng as 
the transients generated remained small. Using the variarle 
Step size integration routines available with CSMP, it was 
found that the rapid switching drove the integration step 
size minutely small ard computer time for the simulaticn to 
reach steady state became excessively long. Based upcn the 
discussicn given in the preceeding section on transistor 
Switching, an exponential rise and fall was developed, and 
both overdrive and reverse drive simulated by clippirg the 
exponential rise and decay within limits of the saturation 
resistance and cutoff resistance. This not only provided a 
good simulation of the transistor switching with user vari- 
able parameters, but also eased the computer time prcblen 
Somewhat. The resulting switching characteristics are shown 
in Figure 3.3, (with exaggerated time constants for clarity) 
and ccmpare favorably with those shown in Figure 3.2 (a) and 
(Du Figure 2.2 succests that the transistors are bipoiar 


NPN devices. This was done for pictorial reference only. 
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The improvement in turnoff time which is possible by reverse drive is 
shown here. 
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! 1 1.51: Switching Characteristics. (a) Overdrive only. 
(b) Overdrive and Reverse Drive. 


27 


TABLE III 
Some Power Transistor Specifications 


Device Ic (Max) R (Sat) ts Diss Vbr (sus) | 
Amps Ohms = Watts Volts | 
MIMYENAS 45% «06% 250 150 | 
(MCS) | 
| MTM4ON18 4Q* 08% 250 180 | 
(MOS) 
MJ1601€ 20 DO 250 450 
(Bipclar) 
MJ 15011 10 200 250 
(Eipclar) | 
| 283430 5 2 4.0 150 100 | 
(Eipclar) | 
| 2N2777 30 „06 14 ** 200 150 | 
(Bipclar) | 
2N 6250 15 335 175 275 
(Eipclar) 
2N6339 25 150 200 120 | 
| (Fipclar) | 
j 2N1820 15 al 25 ** 250 250 | 
| (Eipclar) | 
| ST, oo 30 „ 08 6 # 200 200 | 
| (ጀ550፡2:7.) | 
*TD **tsttf 
| XH (on) #td+tr | 
TR | 
«4 


These Switching transistors may be a pair of complementary 
Symmetry Class B amplifier output devices to take advantage 
of emitter-follower characteristics or might be MOS devices 
to realize high transistor power efficiency. The model as 
presented is accurate for bipolar transistor dynamics tut 
because switching time constant and on and off resistance 
are the cnly parameters for the model, it should be exten- 
dable to include MOS devices as well. The parameters used 


for the simulaticn prcgram were a switching time constant of 
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205" 0115“ 
the 


realized in any 


TC osegondst and a Saturation resistance of 


These values were chosen as more or less ideal values, 


combination of which would prcbably not be 


one device. In Table III some transistor specifications are 


listed for devices which might be desirable to use for this 


motor ccntrolier application. The fast switching times for 
the bipclar transistcrs are their salient feature, while the 


low "on" resistance of the MOS devices makes them desirable. 


TRANSISTOR SATURATION MODEL 
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Figure 3.3 Transistor Model Saturation Characteristics 


The model develored to this stage has ignored the effect 
cf peak reverse 


at the morent 


inductive circ 


voltage across the transistors 
to the 


the required 


of ccrmutation due 


uut. TO provide 


29 


opening OÍ 


that cccurs 
the 


PEOGEEC tI CH, 


damper diodes are used to clamp the spike voltage tc the 
positive cr negative supply. The diodes not only provide 
overvcltage protecticn for the transistors, but must handle 
nearly the full value of steady state current for a trief 
period of time as well. The effect of the diode clamping 
can Le seen immediately by comparing the figures depicting 
motor current with and without the diodes in tne simulaticn. 
(See Figures 5.1 and 5.2)Note that the current dip is mark- 
edly reduced when the diode is in the circuit. The diodes 
provide a commutation of the transistor current and mairtain 
current flow in the mctor during the switching of the drive 
current between two phases. Additional infcrmation 
concerning diode commutation was found in (Ref. 9 :p. 371] 
concerning the so-called "Jones" commutation circuit fora 
DC mctcr controller. 

The diode model is very simple and features instanta- 
neous switching between saturation and cutoff resistance 
identical in value to that of the transistors. This 
approach did not add any appreciable complexity to tne inte- 
graticn problem because the diodes pick up the current as 
the transistor turns off, smoothing out the trarsient 
current instead of generating another current transient. 
The switch of the current to the diode is triggered by the 
voltage spike caused Ey the transistor turning off, similar 
to what would be expected in the actual circuit. The lack of 
a diode voltage drop refore the knee of the diode conduction 
curve is the only addition that might Le made to the model, 
but was deemed unnecessary as the voltage drop across the 
diode at full mctcr current would still be less than one 


volt and of the same crder of magnitude. 


A. SYMMETRIC FIFTH BARMONIC FIUX 


Thomas [Ref. 1] derived a combination fundamental and 
fifth harmonic reverse voltage waveform from empirical meas- 
urements. This model has been used in this thesis with 
modifications. The phase relationship of the fifth harrcric 
to the fundamental tas been altered to provide the same 
shape voltage waveform across two windings instead of across 
only one. This agrees with the empirical data and also gives 
rise to a new magnetic flux model, the shape of which agrees 
in form with traditicral DC machines [Ref. 8]. The general 
shape of the flux-density distribution of a DC mctor is 


shown in Figure 4.1. 
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Figure 0.1 Flux Density Distribution due to Rotor Field 
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The dip in the center of the flux-dGnsity Gastriuticr can 
test te explained bv considering Figures 4.2 and 4.2 which 
are flux maps of the magnetic field due to the rotcr magnets 
and statcr current respectiveiy ard confirm the distribution 
Shown in Figure 4.1 for either stator or rotor considered. 
In Figure 4.2 and Figure 4.3, separation of flux lines indi- 
cates degree of field strength, with greater separation 


indicating less field strength. 
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Figure Flux Bap with only Rotor Field Considered 
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Figure 4.3 Flux Map with only Stator Field Considered 


The model flux-density distribution is depicted in 
Figure 4.4 showing the phase relationship between the three 
windings. in Figure 4.5 the phase "ሕጸ" flux is shown alcng 
with the resulting generated voltage between terminals ‘A! 
and  'B'. The dotted lines in each figure represent the 
commutation periods during which each winding is connected 
to the positive supply, the negative supply, or effectively 
disconnected from supply by the switching power transistors. 
The ccmmutation effects shown by the dotted lines in these 
figures represent motcr currents for counterclockwise (fosi- 
tive) rctation as the product of the flux and the motor 
current 1S seen to always be positive. Since the motor 
torque is derived from the product of the magnetic flux 
density distributions and the current flowing in each phase 
winding, this results in a positive motor torque and rota- 
tion in the positive direction. The composite flux density 
distrituticn for the rotating motor is displayed in Figure 
4.6, and is used to derive the normalizing constant for the 
fiux density by maintaining the average value for the torgue 
coefficient at the ccnstant value for the single models. 
This ccmposite flux density distribution is seen to have an 
average value equal to the torjue constant of the simple 
models, when the conversion from webers to inch-curces per 


amp is applied: 
(in-cz/amp) x (.0(707) = weters (4.1) 


This figure also provides a quick check on the back emf 
constant since the numerical value of both constants must be 
identical in MKS units. 

Tc demonstrate clockwise rotation, the flux model 
remains fixed with respect to the shaft position, but the 
sign ci the currents must be reversed. This  amcunts to 


reversing the pclarity of the commutation scheme for a 
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Figure 4.4 Model Flux--Phase Relationship 
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Figure 4.5 Model Flux and Back EMF Voltage 
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Figure 4.6 Model Composite Flux 


counterclockwise rotating motor. As can ke seen frca Takle 
II this is the same sequence of commutation as for courter- 
clockwise rotaticn advanced by ninety degrees, which shouid 
Le expected from the rotor geometry since the south pcle of 
the rotor is displaced ninety degrees from the north pele of 


the rctor. 


E. FIFTH HARMONIC FIUX WITH DEIVE CURRENT INTERACTION 


The interaction cf the two magnetic fields, one due to 
the rctcr magnets and the other due to the stator current 


causes distortion of the air gap cie eE 
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generated voltage waveforn. Reference eight indicates that 
such an interaction is expected, but as to what degree the 
flux density distribution and the reverse voltage wavefcrm 
would be distorted is unknown. The expected effect of the 
two magnetic fields interacting is to skew the symmetrical 
distribution as is  shcwn in Figure 4.7 It is realized that 
the profile of the flux model of Figure 4.5 and the total 
flux density distrikution as shown in Figure 4.7 do rot 
agree, however the flux model shows a high degree of corre- 
lation to empirically measured experimental test data for 
this type cf motor [ Ref. 11]. 
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Figure 4.7 Flux Density Distribution 
Dencnstrating Interaction. 


The skewed shape cf the resuitant flux-density distriru- 


tion due to stator current interaction can be simulated by 


Slipping the phase relationship of the fifth harmonic with 
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respect to the fundamental. ፲፻ the phase shift 1S simply a 
constant, then two windings will produce essentially the 
same shape of back EMF voltage as the previous model, kut 
combination with the other winding will not be similar or 
symmetric. Since current, as modeled, essentially flows in 
two windings at a time, the distcrtion must be a function of 
the current and the third winding flux must remain undis- 
torted as long as that winding has no current flowing. 
This thinking led to the model for interactive flux depicted 
in Figure 4.8. The phase relationship between fundamental 
and harmonic is identical to the non-interactive model if 
the drive current is zero. In the presence of drive 
current, tne fifth harmonic is shifted smoothly and continu- 
ously until at maximum current, the phase shift is thirty 
electrical degrees. Even with this visible warping cf the 
flux, the back emf voltage waveform is recognizeakle as a 
fundamental and a fifth harmonic, and this effect might be 
smaller than depicted, and of little consequence tc the 
motor designer. Additionally, no model of magnetic satura- 
tion has been implemented, which would have the effect of 
flattening the flux freaks and giving a more constant maximum 
flux and hence torque, resulting in smoother motoring. Such 
effects are expected in an actual motor, but at what value 
of current the saturation should begin will have tc be 


determined by measurement of a particular motor. 
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V. MODEL PERFORMANCE 


The performance cf the first three models is nct inter- 
esting to the motor designer as tne Simplifications invclved 
in these simulations reduce the resulting behavior to text- 
book DC motor dynamics. As a development tool for other 
Simulaticns, the structure may be of some interest. These 
simulaticns are included in Appendix C for this reason. The 
transistor switching of the fourth and all subsequent models 
is of interest in that the transistor impedance affects the 
(L/R) time constants of the mctor current and is an impor- 
tant feature in understanding the behavior of the simula- 
tions. Because of the varying time constants, decay of 
current in one phase and buildup of current in another hase 
at commutation is net compensatory. The current decays 
faster in the turn-off winding than the correspcnding 
buildup in the turn-cn winding, while the current in the 
thirc winding is ostensibly constant. The third winding 
current cannot be ccnstant because all three currents must 
sum tc identically zero. The result is the sharp dif in the 
center of the current waveform of the unswitched winding. 
Excellent correlation of this effect is seen in the experi- 
mental data as showr in Figure (12) of (Ref. 10] and 
(Ref. 11). In Simulations whick include a diode modei, the 
dynamic equations that determine the (L/R) time constant are 
expanded to include the diode model. The inclusion cf the 
diode impedance in the dynamic time constant results ina 
"bracing up" of the current waveform of the unswitched 
winding yeilding a higher average motor current. This can be 
observed by comparing Figures 5.1 and 5.2. Models with 
simulated diodes demcrstrate scmewhat more torque and speed 


with slightly less speed ripple than those without diodes. 
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The final versions, in which the transistor and diode 
models and sinusoidal back emf voltage are incorporated are 
used to characterize an actual motor and power conditioner. 
The perfcrmance curves provided by Thomas [Ref. 1] were used 
for ccmparison. As a result, all simulations presented here 
used a net supply voltage of thirty volts, or plus and minus 
fifteen volts applied to the transistors. As stated earlier 
the object of this thesis was to provide a tool to evaluate 
motor and switching transistor performance for various 
design parameter values and operating conditions. Scme 
deviation from these performance curves was anticipated, tut 
overall characteristics of the torque, current, and power vs 
speed curves remain of the same forn. 

At the time of this writing, provisions are being made 
to gather mcre comprehensive test data from a typical nctor. 
It is well understocd that cnly a limited number of the 
model waveforms may kte confirmed by measurement. The brush- 
less DC rotor is a three wire device, and the voltage across 
any twc windings may te conveniently measured. The simula- 
tion, however, calculates and graphs not only the voltage 
across each pair of windings but in addition, the voltage 
across each single vinding. The individual currents IA, IB, 
and IC may also be measured with, for example, an inductive 
coupler or ky measuring the voltage drop across a resistor. 
These measured curves can te readily compared with model 
results and model parameters adjusted to bring akout gcod 


agreement. 
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Mctor reversal at speed can be sinulated under varying 
load conditions. in the simulation the load torque opposes 
motor rotation, and so helps the motor to slow to a stop, 
then cproses the reversal. If a viscous load was simulated 
(as in driving a dynamometer), slowing to a stop would take 
longer because the lcad would decrease with speed, and the 
rise to steady state in the reverse direction wculd be 
quicker due to the reduced load at low speed. In general, 
this type of reversal 1S characterized by large trarsient 
motor currents since the back emf voltage is initially of 
polarity that aids current flow instead of inhititing it. 
The reverse torque generated by this current wili quickly 
siow the motor to a stop where there is no back emf gener- 
ated, and as the rotation reverses the generated voltage 
changes polarity and once again opposes current flcw. The 
reversal effects can be seen in the current waveforms of 
Figures 5.3, 5.4, 5.5 and 5.6 which depict motor reversal 
(from counterclockwise rotaticn to clockwise rotation} at 
time = .02 seconds. 
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In these figures, a demand for reversal is initiated at 
+02 seconds. Since tle rotational inertia of the rotor keeps 
it rotating in the positive direction for a short time after 
reverse current begins to flow, a commutation point is 
reached and the reversal current is switched between phases 
A and C. As the rotor stops and the motor reverses under the 
influence of negative torque, the commutation point is again 
reached tut from the opposite direction and the current is 
switched from phase C to A. There is a large current tran- 
sient in the figure at this point which is also seen in 
Figure 5.7 as a transient positive torque, probably due to a 
combination of the  irstantanecus nature of the diode model 
and the transistor time constants. The reality of such a 
current and torque spike is questionable, but if the dynamic 
nature of the transistors and diodes used in the power 
conditioner are not similar, such undesirable transients nay 
be generated, even to the point of punch through of a junc- 
tien. The effect of the torque spike is seen in Figure 5.6 
as a Slight interruption of the otherwise smooth transition 
Letween forward rotation and reverse rotation. 

The simulation can be a powerful analytic and design 
tool. For example, the addition of damper diodes was seen 
to maintain current flow during transistor switching (demon- 
strated in Figures 5.1 and 5.2) which has the effect of 
Maintaining a higher average torque with diodes than withcut 
as has Leen previousiy discussed. It follows that the 
faster tke diodes operate, the better the motor performance 
which can be realized in this context. 

The availability cf the center of the three windings for 
use as a ground terminal may prove to be advantagecus in 
some applications. The current return path to the power 
supply provided by the center connection would not te opened 
Ey the switching transistors, and the current flow sould not 


be interrupted in the unswitched winding during commutaticn, 
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resulting in smoother rotation. The design tradeoff to this 
would be that only half of the supply voltage would be 
available across any one winding with the center grounded. 
If the center terminal is left to float, the voltage across 
two windings is the full supply voltage, but the voltage 
applied across a single winding and the current through that 
winding is a functicn of the back emf voltage generated in 
both windings. Since the back emf voltage iS varying sinu- 
soidally in each windirg and one winding is 129 electrical 
degrees cut of phase with respect to each of the other two 
windings, a larger froportion of the supply voltage may be 
applied to one of the conducting coils than the other. the 
current through the cne coil, being equal to the sum of the 
currents in the other two coils, is at a higher value when 
the air gap flux is greatest than 1£ the center connection 
were grounded, and will provide more motor torque. The 
trajectcry of the center connection iS shown in Figure 5.8 
and can ke compared tc the single phase flux characteristic 
in Figure 4.4 and the composite flux variation in Figure 4.6 
to see that the vcltage aids the current flow in each 
winding as it comes under the peak of the magnetic flux, as 
the voltage at the center connection is negative at during 
the positive flux peaks, and positive during the negative 
flux peaks, aiding current flow when compared to a grounded 
center terzinal. The relative scale on the ordinate of this 
figure indicates that the effect is proportional ቲር motor 
speed. 

The fluctuation of motor speed demonstrated Ly this 
model has [een of the order of ten percent of peak motor 
speed, somewhat more than in Thomas* simulations (Ref. 1). 
This can be attributed to the combination of the transistor 
Switching time constants, the current rise time constant 
(L/R) and extremely small rotor inertia. If the load 


inertia was of the order of magnitude of the rotor inertia, 
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Figure 5.8 Trajectory of Center Connection 


the variaticn in speed would te reduced to the order of five 
percent due to tte increased time constant, LJ EIS 
Additionally, the speed ripple decreases significantly if 
the applied voltage 35 increased with no increase in load. 
With a load torque of 54 inch ounces anda power supply 
voltage of sixty velts, speed ripple is hardly ncticeatie at 
the steady state speed of approximately 4800 rpm due tc the 


increased angular momentun. 
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With minor changes to the progran, different magnetic 
flux shapes can be simulated and motor performance can be 
compared. For example, if the stator was designed with 
interpoles, the flux would take ona flatter shape across 
the tcp of the flux curve, which would in turn give 
different characteristics to the back emf voltage, which 
could be empirically measured. If the torque coefficient of 
the motor was known, (it can be measured) the flux distritu- 
tion could be deduced as it has been for these simulaticns 
and the complete motcr performance curves predicted. The 
Simulations give a good representation of transient and 
steady state motor and transistor currents [Ref. 10), from 
which voltage and current stresses applied to the transistor 
junctions can be determined. The results of a Simulation 
for a desired steady state load may be analyzed to size the 
transistors and diodes reguired for a specific application. 
Given the heat transfer characteristics of a motor and/or 
heat sink assembly, the thermal rise of the power ccndi- 
tioner and the motor stator may be predicted by implementing 
a simple heat transfer model. 

Fron the literature [Ref. 3] it was noted that when some 
thirty degrees of ccrmutation advance was used to citain 
kaximum performance from the motors being tested, an 
increase of 230% over rated horsepower was realized for 
short periods, This simulation program has the capability 
of shifting the ccrmutation angles to realize extended 
perfcrmance. This is left for future development cf rotor 


performance studies. 


A. SUMMARY AND CONCLUSION 


The development cf a detailed transient model for sizuu- 
lation cf the instantaneous performance of a small fcur pcle 
brushless DC motor supplied by a transistorized power ccndi- 
tioner has been presented. This modei was part cf a compre- 
hensive development cf a fin control actuating system model 
for the simulation cf the dynamic performance cf a cruise 
nissile fin controller. 

The results of the numerical simulation of the instanta- 
neous  mctcr and power conditioner voltages and currents 
demonstrated a great deal of correlation to reported experi- 
mental test data durirg steady state operation. The dynamic 
reversal of the model was performed. The correspcnding 
dynamic currents predicted by the model were analyzed and 
large transients were demonstrated as would be expected in 
an actual motor. Tke conclusion that the model is a good 
representation of an actual motor and power conditioner 
drive transistors is supported by all currently availatle 
motor Cata and analytical extensions thereof. 


B. RECCMMENDATIONS 


This model will te further improved by the additicn of 
delay Eetween the Hall sensors and the commutation algoritha 
to more realistically simulate the electronic logic cf the 
power conditioner. እ routine for the calculation cf tran- 
sistor and diode power dissipation and possibly motor stator 
heating will be included. This will allow maximum perform- 
ance to be extracted from the motor and power conditiorer 


for short periods of time without excessive heating. 
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Additional work cn the dynamic magnetic flux profile, 
particularly in the area of magnetic Saturation of the 
stator iron needs tc be investigated and implemented to 


accurately simulate high power operation. 
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APPENDIX A 
SPACE DEPENDENT FLUX MODEL 


Because of the length and complexity of the CSMP mcdel, 
a simpler model was designed using Digital Simulation 
Language (DSL). Tre advantages to DSL include complete 
compatibility with CSMF and a more or less interactive 
running capability which the NES installation of CSME lacks. 
If the complete model had been written in DSL, the advantage 
of quick turnaround of the simulation would have been lcst 
due to the running time of the program. The NPS versicn of 
DSL dces not have tle STIFF integration routine used with 
CSMP and the Runge-Kutta integration routine in both 
languages had some  ccmputation problems with the fast time 
constants of the power transistors. The routines contained 


in this appendix were developed using [Ref. 14 and 15). 


TITLE THESIS PROJECT 
TITLE BRUSHLESS DC MCTCR POWER CONDITIONER 
STORAG 211500) ,22(500),23 (500) ,24 (500) , 25 (500) , 26 (500) 
CONST PI = 3.14159, VIF=15., VIB = -15. 
* * Í k Á H o Ce k k k k ok k kok 3 A e k k k kK Kk e 
DYNAMIC 
dock oo eoo ok k ok k k ok k A A A k k k k k k k AG x Xx KG x x 
THETA = RAMP (0-9) 
THETAD = THETA*180./PI 
EEMFA = (3, #SIN (2. #THETA+(11#PI/6)) 
1+. E9*SI 410557 ETA+ (1*PI/6) )) 
EEMFP = . FSIN (2. *THETA+ (7*P1/6)) 
14. E9*SI 110 #TEETA+ (SAPI /6) ) ) 
BEBEC =( y ASIN (2. XT ETA+(3+ /6)) 
14. 592510 (10.47 ETA+ (9*21 6))) 
AELIFF= BEMFA - BEMFB 
BCDIFF= BEMFB - EEMFC 
CADIFF= BEMFC - BEMFA 
IF (THETAD .GE. 180.) GO TC 45 
THCON = THETAD 
GO TO 46 
45 THCON = THETAD- 180. 
46 CONTINUES 
IF(THCON .GE.  0..AND. THCON .LT. 30.) GO TO 50 
IF(THCON .GE. 30..AND. TECON .LT. 60.) GO TO 51 
IF (THCON .GE. 6G..AND. THCON .LT. 90.) GO TO 52 
IF(THCON .GE. 90..AND. THCON .LT.120.) GO TO 53 
IF(IHCON .GE.120..AND. TECON .LT.150.) GO TO 54 
IF (THCON .GE.150..AND. THCON .LT.180.) GO TO 55 
50  SW1- O. 
582 = 0. 
SW3 = 0. 


56 





+ Xx 
+ $Ý 
* x 
* K 
* * 
* 3X 
+ $Ý 
* x 
+ * 
+ * 
+ KX 
X 3 
m A O O «X መጋ + # 
[n4 fu fu Ea fu i + + 
= zi = zi = a + 3 
F] H] F] Ex] E pq x 35 
HUM Ham Mel HU Mn Aa mat 3 
Haba E ta H4 pa Ba B4 Ha yey (NTFOH ጁ 
| == I == I == I == I| == [HE ERA A 
FI RI AR AR fof HAR HAR NUNN% %* 
Om» Qer > > Mpp m= = LPpPD 1 11|1ች # A 
Fry Fay fu Fu fu fy “MOF KNALO 
=| + = | + =| + e + = | + =| + SHESH * La ti e fi 
FJ R] FI fa fx] F] VVVL# + ARs 
M fum ARA Me ጩይፎ m=, m Aa ees FATRA 
ee © HHO e 071 © HHO s9 9 9 | WHO ° 8 ° € HO e e os € ç WHO sa * * (€ ç HI HR 2 tt % 2=,ር4ገጩመረጩኑ- 
TEO 1 PRWÓTOOTDO IPRWTOSOOT E PoOOcOOC iu EPoOOCCOOOiPEoOCOOCOIRED V. VK PEST I I 
52 =ት =ት «ትዛ 
ይ... E pi nM HHE HH OHN HIH HHIH M MAA IL SUL ESE %* % en 
Ly E H E Fu E = fry E Fry ELM My * lH HHIH 
2 ህነፌፄ፡ ፳3ም ዮ1| ኖ (ግየባ ።= በህ ጁ=3ኖ” ጀናዛ cN DE (N CNMINDECN E A MmAMTINWO BONE * Li 
E oe porn e TRIAL RE AR pi X $T ር4ሞ። CN zt u. 
EROE A GO O mnm = A MEE SS 
Arm 
% QUO 
s= ናላ m => Ln O x E 
LÒ Ta) N LO (ሰ No) ች «3X 
+ NA 9* 


57 


DELS=.01 


E a a A tm 
HE LIH ee 
Cuncti deci asian 
e (NM TUYO PO 
NNNNNNNN 


CELT 


ROO 
HS0000000W 
BANNNNNONANAN e 
=: 5 ካጣ ኤ ኤኬ 5 ካክ ` x` 

MURHOTAMÆAIVV VANA 

ኑተ-40ማየጦገቦነቦነቦገጦነቦነቦጦነዩ4 

| | Mi E 

crm Y A 2 9 9 9 £9 ex — H 

HHHBHHEBEHBHZ += 


6.28, 


IM= 


STTHHHHAHHHHSHH 
ኣዮ O mm mmm mem m mo I! = 
PICS ei 
Ci 

E 

= Q 

oO OB 

N OF 


STOP 


58 


ET, GT TT JE 
H H H HH HHIH 
NM TIMOR O 
NNNNNNNN 


PS o A rs 
ማግ “ጠቦጦነቦ)ነቦ)ንቦነቦ፣)ን 
l H H H H H HII 


ሥ4፡46፡4ኮ4ኮ4ኮ1ኮ4ኮ1 5 

sa ኬ ኬ td % MO 
IMINININININININAN 

“vv uu su efi, 
OC NMINW = YS 
(mm ey m em mmm ge 
Ay + 
+ORNNDNNALZ 
U 1 rer DO PA =Q iem rn ex rc em rmn s pr 
Fem ee ee ed © 
A pa PSH Ag pa Pa Pa Pr as A m Fa 


Begin 





Mmmm 

NONO 

Mmmm 

ente 

9 9 9 ~ 

uuu CN 

NNN ` 

NNN (ሰ — — a a 

CO 0000 e e © O O 

eee ve ec q O > 

LO O % 3 9 T= 9 

me O O © - C 

X 3t st O a ` > = > 

— — CN - > & ወ 

NNN `. E A] ሀነ El 

e 9 = è H +7 A a4 

NAN tam e e መዉ] < 

3t 3t 3t n e ርጋ O m UO 
99 9 9 9 BO aaa ሀን — U) tD ጀነን 
NONO MODO = OO = HIO» 
fee = oroo ኤ oo ` AO ኤ 
Fr] st 4 4 ቦን zi se ሮን gv oO =o 
Meee a - Na UT è è. UT a we 
HOODOO መ boo = ህ > » e Foe o 
OOO ea Dx © aa O HAD 

ና Tau: = HDP | PSU) | ር2 
—  “ ` BAD Na, m DA መ= መ = YO A 
EH NNN > fa O O HAK O O eu eu O 

eo coco rd a. O fu O w q a HA O < pos O ` 
Qu * e è = O HË WO O oD Rl wom CO ~ Z OD OV 
aJooo Hm c HO M MN N me OF MN N O “eme N 
Us H + HO ON AR wO ርን NN no AO 9 ኑኀ wO Oo 
ር?) SI = ° es BMWNA es 8 es Mea o» na aN E 9 5 ° 
NOLL 9 è O” NO vn N Wa MO NUK OM Om a BG OF DP, 
Wee MOO ev e «ane MIN Ne e QD MN Ne TO HE MN Ne 
NIN NDO = ` AN NAUT `. ti SO De sa eE =e O `. et 
a ጃጁ ጃች ቲቲ e 19 ° ~ e ñu or ro e ይሌ Or “O wm Or ro 
H am — pis q — I — P N LA. — = = «Y NAT" == ON ኩ3ር 
= OA PA a AP pa YÉ “SQ C ba — a 
ONMAMOM veo, ር;‹ርኃ ር1-.« “ጠጠ A AHMONHAER- m AHKGONAFRA K AH 
SESSO Om FRA TN < u QA SSHET DAON SALHA ጅር ከገባ«ርዮ| 22: 06:694/> >EO 

fa] ba B1 AM b+ fè) EI <t <ú = =Q 12, =a OŠ EA Dš (r) C3 b+ [:3 =š <ú <ú Z, <q š E4 ú (r) C3 PA Ë3 Z; <t =ú <ú ú E+ pš (7) A 
a ዘ ዘ| | ዘ ዘ ፦ 5ቂፄመጨመጄመኤመጩመ ጋሪ።ሎመ=ሬ፤ጩሬ መመ ኣጓመመመ=መተት16%48ጅር መመ መጄሼ( ፉ ፤ቄ:ያ:ፎመመ “ዛ8ዚበ:መሯ : : ር6/4/ፎ%5፤ተ፡ብ5ሎ5መኖሮ22ጅፎወ= 
>= EA (n uh 2 Cu = (O Il 1 bq ba p< OU (O Q (Ü š 3 r. = (O b< pA b< 0500 AD P3 EDU e$ PS P pa (5 AU m H 

G ci 
፦ዙ፦፤ቦቡብኑተ4ኑ4ዮር4ጅ4ኑዳ4ኑሩዳዙ፥-1ተ41ዮገኑ4ነ-1ኑ3 -ግዮ1ኑ1 14 ተገ ኑግ 1-1 ብ4ታሩ1ገኑ፦4!ኑግተግገ፦1ነ-ሻኑት1ኑ-4ኑ1)-3 ሳባ ትገኑ1ተገኑኀ ኑ-ገ 

une 6Z4gqgHHoHHHKH HrRHH{HHHHAHHHYHHHHHYIHHHKHHHHH HNKHHHHHH 
A mor O o o ns De eee 
A A e AC Coe aa 
= 
© 
ርጋ 


CALIL DONEPL 


SICE 
ENI 


59 


^TI3LVIDHIS SI NOILVISHNGINI TVYOJNLOATI LNAISNVYL HIHI ANY 

ATINIUNTAICNI IXLVINI ION JYV SONIGNEIM AHL “YOLON DA SSITHSNAA 

Y J) NOITLVINWNOD ዛዐፌቴዌ፲5ዘሂ ፳፲ በዘኛ ጋ፲9ዐ፲ ONIHOLIAS JHL SY TIIM SY 

DINOWHVH HLATdA V GNV ITOSONIS V SV XOTA DILAN9VN SILVINHIS TICON SIHL 

“JRIL YV IV SONIONIM OML AE CENTINQIDNI 

X0TI AHI 10 ROS IDIVEGHITYV HHI SV CGIALYRIXONdAV SI XOTI TYLOL HHL 

*CINRNS ፳፳ኛ SINÔNOL DNILIASAY AHL INV 

ISYHd HƏYA YOA CALNANOD SI LNIYANO * XNTI °CISOANTANS LON ANY SENXUNNI 

"aNOd ATLdVHD NI CANIVIdXT SY OINONAYH HLIIA SLI ANY 

AJNTNDAAJ TYLNINVONAJ do GIOSONIS W JO NOS SHI SY 

ONIXUYA SY XOTI YJHL LWANI OL SI NII NOISNIA 4O qSOdund AUL 

—— NAIL NOISHZIA 

SAGOId ON SVH NOISHAA SIHL 

VOLSISNYUL 49 INIL ONTHOLIMS_-- INILL 

JJ0OLDD MOLSISNVIL JO JINVISISAIA LINOUIO LNITVAINOS = LNDA 

NOILVYANLYS HOLSISNVAL do SONVLSISHSH LINOYID LNATVAINOA = LESY 

AIOLND ANY NOILVYNLYS 8228 927 NOILSISNVUL HOJ T30ON TYILNANOdXT = ao 

$)0 JO FONWISISHIY LINDJYID INZTVAINÓI -- #04 

I9VITOA ISYUIATI CILVUANAI SOTA AIVLTOA ATdANS-= CNA 

IJIVLTOA ASUTAJA GHIVHHNHS9 SANIN 49VITOA ATddosStz LNA 

NOILOHUIC ISUTATYI TIVLIJA ATAdNS+ = AZA 

NOILDJINIA GHVYMNOI S9VLIOA AIddüS* = AIA 
V-9 HLVd LNSHHüO AOU STOLSTSEVUL AING GNV 

JOLOR AIHE JO LNVISNOD INIL TWDIYIDI TI JHI -- (VDIIT+YYI)/FT = በ፪፲5፻ጋ 
3-4 HLVd INTYIUNI HOS SHOLSISNVUL ZAT aN a NV 

YOLOW HHI JO LNVLSNOD INIL TWIIYLIATI HHL -- (DA0Id+VYU)/VT - nVLOGH 
d-Y HLYd LNISNYNO NOS S SOLSISEVH] m ANY 

HOLOW JHI JO LNYLSNOD 3HIL TVOIHIOS3TIS JHL -- (GVOIT+VYY]}/YT = NVLAY 

MOLON IHL JO LNVLSNOO SHIL TYDINVHOSHN SHL ፦፦ qd/r = ZY 

NALSAS 80508 FHL 30 VILHSNI TVLOL -- C 

SUVI9 NOILONCAY NYHI GYOT HHL JO VILNHSNI -- JIP 

TOT HHL IO VILESNI -- IC 

(S-S/NI-ZO) MYOLON YHIL IO VILHINI -- we 

WHLSAS YOLOW HHL JO NIILIIVAI SNODSIA TYLOL -- 1 

SHVI9 ዘዐ፲5ጋበበ፤8ቨ DHH L QVOT JO LNSIOIJJJOO NOILOI!3 SnODOSIA -- ITA 

(SZAVAZNI-ZO) GYOT JHL JO LNSIOIJJISOO NOILOIHJ SfüODSIA -- Td 

(s/^qYH/NI-ZO) YOLOW AHL JO INILOTAJIOD NOTLOIXA SNOISIA -- HA 

| (WHO) HOLOW ፳85 20 ፲2ዘሂ39፲ 8፲፪ ፦፦ VI 

XAIJ S3TG8VINVA ALISOAKOD HHL CNY ay JO LONGONA GAZITYNION AHL -- JIIHY 

S/GWH/LIOA) INVISNII JWA NOVE -- dM 

XAIJ JITAVINVA S3LISOdWOO SEIL GNV LX 19 ILONGOYIIJI AAIZITVAYON AHL -- 4ቋኋ258 

dWY/NI-ZO) INYISNOI INONOL -- LY 


SONILSIT WVH5OHd dWSO XNTd ATAVIGVA 


gd XIGNSNddV 


3t H H H H FE 3t Jt H H H H HIF H H FE H H H H H 3t 3t HH H H H H H HH JE JE JE H H Jé H H HE 


60 


A EDS THE CONTRIBUTIONS TO DEVELOPED TORQUE ARE 


* A 
* TREATED AS SUPEFFOSABLE. 


E 

Kari 

OU 

` EO 
e DO 
° W La 
= | ጄ 
= VSE 

II O ፡ A 
e VARA 

an e = | ር2=2 

On Olea 
wv) |! Hv 1 
ጠው 4 = 3 x, 
ee J mU ni 
Om = N an 

H Om 
| | Es CE 

E+ Q ZEE 
TOO £4 P H « 
PJ ka > N NM 

=; Hw A 
` O+ try = =< Q 
O ni = (O m 
euo c e 3 ር-4 2 
Mow è NA © 

ላ ቆቀ” ሎውት HH 
INDO ca < EA 

L Il Qd EH tt 
ጫሞ” Il Q x EACá 
m= E ጫጨ DO 

= LD kI pie 
et) feu zu 
OM a SHKO 
LO ` = m 
QNI e * E pn 
N ww eJ RIKA 
OHVO ==< A 
e Ay ° Ovn 
o l! HAHA 

: || ZO 
poe: manz 

Ma ~ NZ 
= (0 Eu to = ርጋ ኑ-1 
me m Oo. alan 

e a o MAO 
- eCO e መፍ Sin Apt 
NDOJ ፦ “Tu sè 

O 9 FL jat MO ri 
HO a ሀን MAME = 
Ø ell NA m ANHHAHNZ 
e= * >< + n ጮመርጩሬ 

NIH * * Ul x KRAH 
Il zd * 

KA MA MR Ofu o O 
Heme NN — fu O do 
<O ++ NN OH st) +T (O Gq mi D 

On m ሚመ l] i HE Ornon 
O ef] SENNA IN e AU Æ 

Zot Il [|| t4 O | | 2መይሀ)ጎ 
«Qe io ዘ ዘ ዘ )]ፌ/ዬዳትኀ | Mr >< 


HEI ESEU I II 
HN OH 


4 C4 04 P4 Q4 C4 04 


Oo 
| | 
Ay Ay 
PS Ps 
531... 
GO 
Cro 
` a 
re 
9 9 
OO 
II Jl 
ru u 
>< >< anana 
mm NOV 
INN COCXCX 
DIDI Pi Pa RI 
+++ 
. y Mu) 
yen yen QUOOCXI 
9 9 ጩጨ DG 
OO a gi 
HW ሓቲ 
As Qu —— NO 
< >< CITO" EOC 
E El DOC Apa 
af an AAE 
QUO | + + “OU 
sar paga ECN) CANA 
—— "su Oi AOU A CHOV m= = 
RIN) PLO Oe Dd PS PS PS PSPS AG AG AG 
DZ ZS SIR e Afika e +++ 
=ሆን ሆነ ሀነርሳ ህ”<ጋ ፎቆ ም ሮ1ቦግ =ርነዎጆፎጂጓዓሙ፦ጅዐሪ/ጧ ሓብ 
65፡1 [111 1 1 ዚዘ ዘ COCO cun —ns .ORQY 
| DOLL AYORA %* 3£ 3€ 3€ £ QI TN 
ኒሰዮ ዮ ዮ ሞ ሎዎ ARR Goga 020, 
ም 6 6 9 9 9 0:1:2 ጋኃጋጋ>አቃ።ጋመጋቄካ se mou 
FO DOOOMMULVOVOLLO NNN +++ 
e OO Pa Ra pit az mme 
a a a yon 4t H 3€ 2e H H pp OlGO 
uti = w ç ° o 0 0 è = = = 
122 2121221 c= = CNCNCNCNCNCNN wep eer 
ajil e o ]`ON 
HEIHHHHHOO ww Lu TAN 
HEAEERHHEII I SBSHEHHKH NFV OA 
E 1111 ንር] ዮን ማኮ መ O ቨ፥10.2104 6. 
. 9 ካክ ` s.p (O (O) O O O .. 5 5405 ጓዙፕጭጁ 
WA UNIO LADO PJ KI Aa Pa a3 o5 n o3 D + + + AMMe 
LOE EE NN fa POLY) =< DIDI 
ሎ ç ° eg PCC w w w w ww SL ONONO A LL 
100090 EA E EA LH E EA CO a s s (Q 
Na w aer e pj e, ed i SH e e + 
ኑጓኑ፦-41-4-3 3-1” ” ሀገን ሀሆንሆነሠሆገን ሀገኑጐዛብ NN 
U RA UUU e C m m m i t= CN = NO FI ati ati eti 


Mad HA A TIDO TT IOO fa AG AG 


| 546:ሣር4 መና /መ5 መ ፎር ጦሸ <ጄ [| RARE Mak RE HK 
>< AA AAA A AQ HA A HA 

ga EA PA PA Pr Pa Og dd SS EE EQ mm ANAIN 
HAHAHAHA EA LA A 


HIS + % A o e o 


== 
ዘ [| || [| [| || መ”ሞኖ”ኑ4ኑ4 ፣ዛ1ዮት-1ገኑ-1ተ4ርሂገ መ ሙ ሙጋ || || [| 
CIO a 


PS pé PS PS PS pa AA 


ኑዛ 
[| H H || Won Wo >> QU < 
ጩ = HTM 


ጨመር ።፡ቁ8፡4ዜመሆሁ4) ara Ha AA A m G CN => un. O <<= z = OOM 
e€7 CQ et LE PON) SPL DEE OQ OG OPS LO OMI Ra m 


HZ E H A U N M A = A RH NH 2 P > > H ØJ Ong H ፓጋርጋር መርጋርጋመርጋኩ-4 ሆ/) Há Mú Kú ú PG HO ta P” >> P» 1e EL EE D 


20" O 
HO mmn 


መዉ 
ÆR 


61 


K 3€ 3€ 36 3€ 


Ham 


መሟ + 


+ 


POY + PO5 + PQ6 


———— 
LADO 
= == = = = 
HiH k 8 HH 
GMO 
mM menn Fis Fu Ps "t & 
m (O =< == = መመመ (ነ የ ስቦግ ቦነፕሶነ ሶነ = 
«zm o 54:1 4 «MU <ርጋር2ር2ር2ር2 H 
b I Im >>> pip 000000 +ፎየ፣ቦነቦ NH 
“us + + + 9 9 9 9 9 9 Matata H 
MO) ek Si) emo — E EA `. (9) BEES 
=G m (O r = má መ ር1)ርነ፡፲ ፎነፎነ 9 9 9 “no va . ON NN, a 
QUO! vH = = == m UO COO MMNMMMNMNeNMAMNWOA, SMO © 
MAR DUA MLA Ree eR ie DO SSOSOSOO OO CQC Grafik O 
MAA ADU PR ልፎ cO D CS m mm me + O === O 
ONNN OOO ` aan a kk “eu e... 9 9 ki fa pa 3 
(mmu BH Sool መ JO CI ርጋ ጻባ = an 9 9 9 je 49 J9& 4t 3906 sr NDIHMO 
EM ESAE mam € o cUINSAGIL e 8 ele COCCO) ፡ bh» CNS ri e 
IDOA "N SN N CODEs = = = oO + + + WWW ጾ4ም “)1ቦገ =1ዚባሰኒዕ ም. ሶ1ቦ)ዎ =ሰሪቆቄ  #ጁ#ቕጅጭችፓጃ E 
O o ZA gn NJ I | I Q= = === QO OOO H > 
=) AA AE PDP itz OO ON OU U THA + EEE = 
መዙ ጁች 3€ E34. 33 3 0 Gear MES = NG ns E Hm 
tzazZzthcccataiLDnaVayNBOrA: + 1 | <HHH_ ANNDAN D KRH AY 
Cram OI acc ኩዬ.5፡2ሯ፡:25፡ር:፡=፡=መ2=:ር=።።ም”ቢ!1;]ጦነ ኃቅ ህጣኒጋ a O + d 
> > > = AAA Ss EEE ርን ርጋ ርጋ ኑጳ ኮሎ ተ-ኀ4!ትኀቦይ:1:ርጋ ርጋ ርጋ ርጋ OKQIOKQKQIO ELMO cm 
pM || | HI C9 rA PE II 9 mmt Ee PB aSU O me rd N fu fua E REA 1 HAHAHA =; == =s 3 
= (ጋ Oni | We > > > > > = EH HARE > 
ጾ1 || || | > = = HH HEIDI dd "n nM 24 l H | | ዘ| H JH H | £g = 
WG HARTA MI AKA "uw ow wo p Qon nu 8 8 
Q4 030) «d EE EH EACD eS CQ 0 EH «$030 em OO OQ O SGL e Sa E 


> =< m Q i+ (.) መ28፡1 2 ፳2=20)፡4 ፳5 22 =ሯተ፦4ተሣ4ዳር ጩ፲ርጋ ረጋ =< Q (QÓ >> > O OOO DOO QO Ej 
UVHHHMADDUHHHHSHFHHMAHLOIR LD > > > P> P” P> Eu (y 4 205 P P ሦዛ-4 ሦኀሣ ሦኀ DI E34. (24 C14 C04 (4 Q4 € E EA EA EA EA 


+ * + * Fe * * 


6 2 


or” DHE 
en Shq a 
© E 
“e % FIR 
t= aa 
A 


H= 
—⁄ ዕር =ፎ2 ሂ/ገ ህገ HAHA B £z P =S E EK U AV A # > 
td mw KASERA ta 
Qs 999 ጩጋ[ጩር:9፡ኡክውጅውመጃመሯፎጄፎጁ ጩኩ- 
egz AnonrsannNnn HEE adia 
ze Mur oe  —— "un = 
Hin ጆሮ | [| | ኮሣ ዘ [|| | ዘ | | መ ዘ | 
a RIT -” Qan 
lí, === =m = B < Q 2 (9 II! HR 
H HPU PHP HA E fry et brag ey Lf Ay 
N mmm == m= = = = = =: a O m =. 
= = = =u h H O 3 43 42 m 3 1 II mM E 
ኩኀተ+ኔ= ኔ ኤፎ ኒኀ1 ር1 6-4 = > P> > P>: > patricia 


+ + 


VIN,TM,TL 
46 1ፅ ው 


0 GC 
“hz 
TM + TL 


ROCEDURE PROVIDES A SIMPLE MECHANISM FOR REVERSING THE MOTOR'S 
TH 


E TNI-FUDEND 


END Us 


ሀነ ጾር: ሙ= ሩጋ መ: ፌሪ ርጋ 
mi Ag ad Cet CD AA 
THO fa X 
HOH ona 

m vez 
% + Cu HF 


63 


360 DEGREES 
ICN OF ALL 


Qu re 

Cl መሓ 
H V 
GNZ 
e kal MA 
LUND 
Hat 
ጩጨ We 
T noO 
Ho Æ 
== fry 
Voon 
HHH 


GO TC 40 


Nam 


REIHEORHOQOO 


NH è 


HAN UO | OT 


RJ e 


ANA at 


mu) 


Ie 


ADD e 
RH Tie BAA 
Qumt5EARA nU Da 


Oda t 


A5 N 


= 


Moria etm Ho 
MOM AG | MEOH 


HOP 


gue 


=O 


VUERALNTLEOO 
H HHKHHHMUM 


L (O 
HOVO 

ga 
3t 3t 3€ C4 


Ay 
om 
TZ 

ሯጭ 


THE 


RANSISTORS 
ON IS THE V 


LENIN E 
O BOR 
ጩመ]ጋፎጩጪ-ጩው ፦ 
UH Zu 
teme: 
Man COHH 
H m EH 

ME Ruud ገ 
HHVOVHH 


3€ 3€ 3€ dt 46 3t 3 


VOLT(TBCCN) 


SH1,SHZ,SH3, SHU, SHS, SH6- 


) Go TO 45 


SE3 
565180: 
THCON 


IF (THCON 
GO TO 46 


ERCGEDURE 5E1,75E2 
5 THCON 
6 


180. 


0. AND. 
0.. AND. 


4 
4 


CCNTINUE 


0. AND. 


3 
6 
9 
12 
150.. AND. 


GE 
GE 
GE 
GE 
GE 
GE 


9 9 9 9 9 9 9ርጋ 9 9 9 


9 9 9 9 9 9223 9 9 9 9 9 9 9 9 9:ረ è 9 9 9 9 9 9 9 9 


— — — CO O —— ሞር ም” ፎር ሦም ርጋ O — O O XO — — O ዛቫንር=5ር3ር3የመኒመግርጋኖ=ፎ። ርን “ርጋ ምፍ 


THCON 
THCON 
THCON 
THCON 
THCON 
THCON 


l H || ዘ [|| [|| [|| [| |] ርጋ [| || || [|| || [|| || [| || ርኃ [|| [| [| [| || || [| || | ርጋ [| || || || || | | HII 
H E EH 


ሞም ርገኀነሞ= (1 ቦገ< ትሰ... ም” (11 ቦነ የመ የ: ቦገ= ..ጠ.ጋ- ም ባነም NATI CN ne ‹የኀ1ቦገ =2ጠህ 


—— — ሚመ መመመሚ/)/ገ ህገ ሀገ ህገ ርባ ርባ ርባ VITI NN A VY N A ሀባ ርባርባ ርባርዉወ ርባርባርባ ርባሀነርባንርባርባርባርዉርባ ርባሆንርባ ርን ሀባ ርባሀባ ርባ 


TE 

IF 

LE 

IF 

IF 

IE 
5 


0 


qe 
u) 


64 


(ሓ O) 
L Lí) 


CO e e « € è 0 e e al) olo 9 9 ፁ e ewop 
n > o 
ሮን | ዘ| ዘ | ዘ | ዘ | ዘረር2)ህ | ዘ H H | H ll nb Ora 
፦ ti E EA ty 
er NOME NOI ZIO LO BPAMEOAM AMO 0 
QO m = = = = = ;= ;< C) I I=1 4 < ;<= ;= = = = O Ç O 
DANNNNNANDUAIMNNNANANUDOR 
Fu 

= LA OA 
tm LO) VO 


iz] 


65 


መኗ 

ርጋ 

= 

= 

ይገ 

> 

te 

ሯጭ 

N t4 fu 
ke H X 
Hu ይ] 
O ኩኡ > 
HEH < ፡ኤ 
DO = a 
NNE ጩ 
= 

OHH ኦባ 
EHTNaA > 
ፌ፲/ሟጩ 454 ሕጻ 
His HO U 
UO » fu 
ume ፳ 
ROHS H 
JA mem 


"Bx ሮጎ ኑ-ኀ 54 


TONAL VARIAB 
CON, BEMFA, BEM 


ጩመጄሯሄኗዷ፦። መጄሯጅኑ፦“1 ጩ ጩ U 
A ARE e te e 9 9 90:4 fx, ይ, 
SE = O RBAODAQDLNAAZ == = 
ARKORARBU Q ZAZZZIZAN rz fr] 
KADARE C RRALLA Mam m 
VD “Hc sa ve tee. Lupa bey fz 
C) PS መርገም e. | 9 9 9 8 9ፃ | >Z | 5153 | 
HUDPHOAO S000000 Ar t4 4 
LHISDDEPO = MODNDNNUDPP Krr = 
fH OO O ec fiu =4 c 
(E BOM. U eee ee om | | i = 
=e OR CX ጩጩጾኸ ጩዌጩጩ፲ፎገ PJ Fx] 
H ጩለጩጋርያጩጃር» HF YOOUOUOUOORERM AKA A 
= ME EJ e e € t 9 0 * FO FAC 
O 8ፎ፳፳፡ፎርርሁኀ ቦባ | 61 II >> O I| ren il 
HVHERO AV DARA AZI 
ኑ3122=ቄኮኮ1፡=61  0:መመዌቄ መመ ጩመርርኩ( | Ji Ot ii | መኩ” 
Sos GO QHOV OVO ርጋ OR E tm E F 
KAPO QDO DIK ma q (N EN E 
> GARA TA AA A A A AH = ፌጋ |፡4 == =ኞ E 
JË Am DR DO DP POR mS > UM 
ÆRTDASOUHOQ fra fr bre Ee 
E404 E43 € EG (Q (2 0 C2 ኑሣትኀ ሦሣትኀ ሦ1ዮሦሣዛዬጋ va CN 
4 MO [> Ga ps 
3t 3t 3t 3t 3& 3€ P ፍሪ ኣርጋ 


WM CANIL ኸበ3፲0በ3 
0445 80508 ፲፲፪፻፲ 
ana 
, LOTdAX TOW 
ሂቨ፲8፪ለ “JWI “ANIL LAJIQJ 
V-a JWI NOVE “INIJENO YOLON g ASVHd TiaVI 
LNIYd 52228 
TINH 
,LOTdAX 19V1 
ADINJA “ORI _“ANIL INILNO 
8-ጋ IN XOVG *፲8፳88በ3 ዛ0ፔ53፳ 3 ፪5ሂ፪፪ TIIVI 
LNIYd ፲2533 
UNA 
, „LOTdAX 19V4 
IVANAA “YNI “AKIL LO3I29 
9-V ፲8፪ 38 *፲83፲03,8050፪ Y ISVHA I 
ddddN “994 ርዐዘቨ'"ከ5፪ "ሄሀ፪ con “LIU 
E "77 “JINTE '94iW4IA, HIWgA “VINTA 
":^^L09IG *3q8IG “LIVIA “JWI CONI “ERI “UNI 
"“““WOWI “DEHI “JVHI “DAd “gid 'YAd 'ISYHL NAUNA “TL “WL “KA TUVIINI 
LTHQ TON VI 
4 a 4 4 4 4 AL, NL 
"** 'ühMd'ssquMd 'L1Qi0i'90g aay d*ndd°cOg "Zod boy 
I gou HOU “EOU Moos MNON 
°° LCDI LIIG 'LGVIG IWI ‘OWI ÇONI VEI TR] "ጋ38ቨክ8፲, '8፻8፲ 
".. “32838 "33፳፲ሻ, 8283፪ 'ና38፲፪ 
"e VOL O NL 
"** FDA “AA “VA “NDA “NGA “NVA “ISYHL RAUKA HM LNIUd 
9"65ኗ = LSUHL HSINII 
OL-Z0*L= NINTAG “200º = Tadua *ከ-፳ሮ02” = ፕ፲0፲0በ0 “ORO” = WIINII YINIL 
WHESAS HOIOW 2G OISVH HILIL 
ፒ፪ዚ፲፳ቫ 31. 
380በ(:33 4208 
INNILNOS 98 
VINIA - EIA = CNA 
QIRIA - dIA = LNA 
2828 - 32838 = LINHA SL 
08 05 29 
VARIA - EIA = ZNA 
TINTA — AJIA = LNA 
VARIE - JANJE = LANIE hL 
08 OL 08 
ጋ34#፲ለ ፦ ቨ፲ለ = ፻ዚለ 
ቨ4ዘ፲ለ > ቋ፲ለ = LNA 
33888 - 328፳8 = 52ቨ2፪ EL 
08 05 09 
QIHIA - EIA = CNA 
VANIA - SIA = LNA 


66 


dOP TN“ 
aNd 
LOTAAX LOW 


67 


ND 


SINUSOID AND A FIFTH HARMCNIC 
ON AS WELL AS THE SWITCHING LOGIC A 
HLESS DC MOTOR POWER CONDITIONER. 


A 


AS 


Ey HU 


VERSION HAS DIODES 


TON- TEN C=- 
MODZL SIM 
SIMULATES 
ISTOR DYN 


12595, 


15.0 * STEP 
=15.0 TE 


UlHZOtE 
NUNN San ij 
HAHAHA MASAYA II UM 
=612መፎኑነህጧ): TOHA 


E Q 
HW wmWycaoO0cÀmÓm Ni 
meo MeSH MARRAK A AA eCOQOC) zB USO ZE AMIN 
— (N m Z = IL; < et ee piste SNM SW 361 ርዕ)ርቨርጋ፣ርቭ፣ር,ርቄጋቡዙ4ርኀፏ አጩጨመፎ 


Ay Ay 
Pa pa PI 
= = kI fa 
ርታ ፍርኣርጋ 
ED QUO! 
DO 
VA ` 
BE o 
Oak 9 9 
= R OO 
Un a EA W NM 
mi mp ዉር; 
O Hey PSPs 
Hee [2 Fa m 
I7 5X pP uz nun 
HEU) B QI 
V zu 
DO a » 
Qa EH era 
Q ati ?i 9 9 
Eskja DO 
n nr mon 
Hz A Ay Ay 
uU «den P» 
= Q) mi rq 
ፎሮ [23:4 == = =: 
ma O QUOI ——— 
E AH segg, ABELE 
መኩ rra ro, e AA Ay Ay Ay Oy DOTADO 
zii, NMIN e ሞ። ኦረ ቃረ >< ጋና UVUVU 
QA REF AAA mama 
By aD ENNNNNOOTNMINO 
RAE ሆን1| |! 1 1 [ ዘ DADO a...» 
RANZA FLOOD NOR * FILA HEHEHE 
ZHON ኒስኮ ዮዮዮሞ ሎዎ pos RA Rete DDDDD 
Ha As C ce . . . CARDIO OUO] 
HB >V *DDOIDOOMMMODODODO AAA 
HAR DIDI A a a A a 
== A ee eee 4€ 3t 3€ H H H ese eee 
OHU MIRA ፡8 =8 9 9 5 89 EIR Ee 
HOHA HEEKÐDLETVSONNNNNNY <ጄ ር 5 =< 
EZH ZHAN e o ty CO tn Ot) 
FR HHHHHHOO tv w w w w ሯርፎጩሯ;ርጩጩ 
OSH SHESH I] 0| ER ER EH EH EH EH 
Or E rO > =m neve. 
ex e eum e. . y. wSPSUOUODOUO SLAMU 
pa pe FU SLOLOLOLOALO Ramo >v >> > > = 
ARAM WET Ee Re Ne NON — 
= P ct ec 9 9. QU w w w w a mx] 4g 009 | | 
H U) RG Æ 1900009 bi ki ei kt BA kt en 
H> —— s w eet Om Nm Ne 
ትተሓኤሮህነሯ ኑኀኑ፦4ኑ፦1ኑ1ሁኑ፤1፡-ቫብሽ ም” tu UU) O) l) == == 
=ድጅጩ5ሮ AAA ዩ eti RA Ri KR Pb 
F4 Qi HÀ E4 0 ed ex e$ nS mies gp og ESEHEHEA EH EH OY EE PIE C ER 0X 
OF QAR ARDY RHR HA ID 000001 00201 
3 e, O m E4 ; m 4 i: m m b< bd = = = 5: = = 4 = = = = = 
OQ mm — FIRHHEHHHAVVUVUUUVU 
= ሮጋ ር‹«፥ኀ ፳ 41! [|| [| [|| [1] [| ሞ”ሙ ኑ4ኑኑ-14ኑ-1ኑጣ፦-ሻ ayak fr 
RO SH QUO HA 
WW Om AMAA AA, AY W H H [|| ዘ [|] መ [| [| || | | 
Ea Has < p< p< >< P< p< š a Æ 


E መ ዕሣ4ተሣ — 2 (r, a U M M £D ex 6G ed p472 E o6 EP» P» P» I 02 Ole E DAGLI il 07) Qa | pa Ha pa pai eA Ec a a a a 


= Q 2 ሮሃ O 
HRHHHEHEHO WAS 


He HH HK 


RK 


Au =< + 


NTO 
QUO 
mm 
a +++ 
H min u 
መዴ Ooo R3 
Mo ann qe 
a4 መቻ” ርታ 
a "mu NNN A 
o So | MU 
m ርር. ርር ር eee. መ 
O xr MA 7] = 
A NNO Rai PA as = ርጋ < 
==, = + + + — Fe Fa Fr 
£4 MNO TNO «<td O ODO LMU [3 Lat fa] RO = 
>» +++ QAOAAAAQAQCO E iz Hr HÁ > > => >>> መ 
ርጋ m. m ea pa gd oa Emm 1 G < m anan + + + El 
G mm ቱተቱቀቱቱቀቀቀርር ር AV rx mou Ze EEE "ie U 
NTO ENM TNL eee p H ML ed ዕር «OU AAA 9 5 9 - 
OOQ MIDICIDIODIOIN AN A, GOO E EE AZA «OU OOO uN 
O t^ Gas PO Bs qam Orar ALL QO HHH HHH DION = 
>= + + ፋቱ AA SO DQ D DIDI SE «emo EM ARA ፎሮ 
HE MN NNNNNNOOORIRANNN QOQ mun mun HHH "so Pa 
I RANE NO) PU UO ge ia Hi] DOO ZWVOOO a eee tH 
Q pa pa I QKA QKA AMA Ap mE iQ st ፅ 9ሀ]ኒ/=መሟ[ዉወቹ] e HAM DOS 
CY EA M Cm a e == m 4m my0« NNN OOOCHEEEOOO +++ IO ሀገ 
ZPINNNU 3t 3€ 3* > > =ርገ 5 2<ሂዛ ኤሙ ኑኀኮዛት-ኀ4 NAN moon [|] Oan 
DENSO 38 3t te KG ect uti Er AA HE > > > = < = < O) Q Q ——s > > O 
Nn OOo se 22211 1! 2 MAGARI | HHHEPKNKMKNPP P Cu C404 0c 
= pimp ሞ”ሮዕብበነ.?'ህነኒህዌ።/ መ ሯዌ (ጋዙ# 3 3 መሂ #4 ጓዙ II Gam መመመ BAe} 1 10 
LA PA JE FE JÉ HOAIOQOICIOICIOIQIOIOQI e + ZZZ e e e = r mm (O a E1R1E1++ $$ $ 3t | ! | HAW OUR 
z Om ee == ር26ር2 0ኃ6፡66፡ኮ316363ሶ10ሶ1ሶ1 aq m ርጋ ሀን ር1ሁ1 ሶ4 FE 6353 511) ፳፲ፎመኒ 0 a0 «MU ==: =1 > > > 
QR aaah pa pa pá EAE ARA == as SSOOOHHHA AA 
Ma DE e II I| SON ON Mi Na QHA ll IW HHH OHH pq 
sn "n Q m WE > >>> uno 
"Q AAA MU [| 11 E26 =H H Ht3tEq H H M MN H IH I 
er E ORË ኮ4መ HUS FARA I H H H O RMH 


O SS O AS A a OOO 
Cam < m (O COLE 6 ka AR kI 63: 1-86: መ COGO HA HL (QO e 61 ሯ7፳222|፡4፳22ቿ:ተሣዙ፦4!4(2 = ርጋ) ==: 01) ሙ > PPP PO 
Ha t4 P» P» P» 14 Qa HG Qs Ea Cr DG (3 (3 HF MA EX bG HAH HHG IQ U ኮሣኮነሦኀ ዮሣ: ሦዝጐሦነተ1 3 ር) (3 > > > > > > y ay y ty y by E 


de + + a se - 


69 


| 


————t aa 

= = Q m ርጋ ርን Ho Ie 
= = = = = + "DO 
FRY HRY HH Ak NN 


“lu. ua ር፳ጳሳች Au Ay 

MANN NAM u D 3 x = = = 

00000 Leno sem 

20900000 + 2 = cc n 
EES I O+++ G3 PG Na ta x 


ኬክ ኬዜ ኬክ üB Ol FEO mmm EAN N 
MANN AGARRE NIN SAL a ZZ 
900000 Qmug MAMA) E 
0000009 kt DHEES NNN Et 
9 9 9 9 9 9 Hee ee ANNE 
HA 
> 
I 


) 
*IMT + 4.*RCUT*IL**2 


«0070615 


“ne. ኳክ ክህ eo CU) CN CN CN X > 

e IM TIMO NMUN Ay RQ HH 

< m m O m ¿x< tz ;= uÁmEOQOQOQOQOQO Azzz «mu 

E» HPHAad|d|guiuy uv 0 HHHHHH $ DAA SJ CD ext BEaE Pa Fu > 

> p pbror————€6 = ሀገ ሆገ ሀገ — AURA KORK 
| | | SERERA KARAOA AASS HERA Sem N Q 

| | INNNNNN O «ce AARP Pe AAA N AgEFBAZLZH- Nam 

fu fk kb ZEZZZZZCNNIUVLARNN OA ርጋ TELE HEEE S Ed 
HAHH UU UDU ULV OQUQQOXQOQ ON E Han |] = | F 

Er poo ak pa RAP ሙመመምጅምጅሠጅ ዘመ ክህ H H AI H H == 22H E] 11 TEL ta nou 
T =] OSMA HeH a m e Uu 

HU oH l H HN H H H H MH H H ll H JH ESQ4esm Om eam OQ «mor ዘ SEROZ (OP 

Q pate Pa QU IL || | ዘ ERO ARA 

ሞ* (“1 ቦገ NMTINDE- C Tuo pz xim xxm N ጩጨጩጩጩፎ፲ርንጋ።ሯኝ AA, 

AAN OQQA መርዝርክስጵሮክርአርጋር ዝር ዘር #ርጋር ርአር ii 9 E O 1፡1 9 9 93400 ር ር:) ፳ኑ4:==5፡=:22:፡=ሯ=ጩኑ4=ርጩወ፦፥ 

> >> > HAHA M H A H A H U A A Q4 e I NA ጮጮ ጮ ጮጮ P» EH EH EH E CH Di RE HÆ Lá A A EA by lE Oy Q BG G 


TD ERE 
T+” FEM 


* * * 3 


70 


MECHANISM FOR REVERSING THE MOTOR'S 


VIN,TM,TL 
40746 oe) 


፦3 
E 
+ 


1=FWDEWD 
E 
- IL 


EDURE PROVIDES A SIMPLE 
0.0 


= SZ 
OZ EE EC E4172 m 
O =~ 
|° II O II += O 
Heme H HA 
O DHe eZ 
NAAP ZO 00 
F4 Q5 EH EH CD E802 (à 
LH O Es Py 
E: C3 Q IH OU A 
fa me A 
eH NY Eq 


O DEGREES 
CN OF ALL 


GNZ 


THI 


* THIS PROCEDURE RESETS THE VA 
* CF MECHANICAL RCIATION. 
SWITCHING AND PCSITION SENSI 


xe 


JFAC,THDEG) 
GO TO 40 


I4 EH E H3 O 05 
ርጋ Fu 
ርጋ on 
m Ta 
u Fa 


= 
ው 
= U 
HA H 
OZ Ø 
ao 
ore 
HJ EA 
Tm uU 
ኩ“21 25 መ= 
Q H 
ሀገ D 
Ha Eu C) 
E E Ey E 
«523 QO0 rn 
HA = 
MOAN m 
ç Shi = 
= H TH O 
O MEAQE YU 
I Habit A 
H EHM E 
Lo ti lcu — 
ti aza H 
> HH H A ONMIN 
= GI O OMIM) 
= uo E > 
© o Fa | OQOQQOQO 
O ፎር3ሬነሯናነ VO E E EA EE 
A] = 
FE MAN Y AOAO 
NV OOHO ` EGO E 
ኑኀ ርኃ LA 
= zan = n 
NG ORR Y 9 9 9 9 00 
O vn Z E DOBOOO 
O Hara = MOANA 
my = q que q 
ርጋ >> SDM n 9  *9 9 9 9 
numas ` SS € Ej E43 E 
K MDHH m aaa 
o Bey = 9 9 9 9 9 9 
amo me V 
DZ > æ == = = == 
OEA (D =Z, (702 NU 00000 
O OMA == ርታፌጋርዕርጋ ርጋ ርጋ 
ufo" VQ m= = = == 
uU an: “O HESAR 
NO Y e” E 
። ፡ ነ “ተበ = 9 9 9 9 9 9 9 
SY MH NO O ANAAAR 
ኑኀ ይ4‹ዕ O = «5 OO AZZZAEZA 
=ኀሑመጠፎ== M — =< =G < ú < KG 
=MNZAO Fm eee eee 
ጐን= Hennu Ne | 9 9 9 9 9 9 
NADU iL ካጋ 900000 
Me ASH NO = MOANA 
Mma AWe O e 
huru: HHV e Ü e 9 9 9 9 
o MO OH et CL AAS EE 
OfmeBRo EEUU E vone 
Mina MARI o 9 ቆዩ 9 9 9 9 9 9 9 9 9 9 95 ፃ O 
QAN U EN INS COPO OST TON 
ርጋ ORM AV DZZEZZZA 
GNAM” 34 ጩርጋ=፡ፎሯመርጋርጋርጋርጋርጋ ርጋ || |] [| || || ll i H H O 
ዉት መ Amam O ርጋኑኀርረጋ ሄ/ ሄን ርያ ጋርጋ H 
RJ e e$ rc pj eit m O (Q q =m = m m የ1 ቦ)ሎሞ”= (ኀ1 ቦገ =ት UW 
ana ፳፲2ኩ፡ዙ1አኩ-ኀጅ|125መር-ኩ“ኩ-ኩ“4ኩ-“ቲር-|፡451፤፡4መ ፎዶ ጩ = EG 
re m SH py ~e ki Q —— RARAS Y) ነ/ባ ህገ ሃገህገህገሀገ ሆነር5 
CoO aN OC Fey fy Fy Fe PB fu 
HHAVNMOV CH O a O Fm m rm mro 
ይ NO ህበ 
3t 3€ 3t 3€ 3€ 3€ 9€ (4 =ት =ት 


71 


9 9 9 9 9 1 9 9 «CO 9 o 9 090 9 $S o 8 «4CO e à o 9 o 924979 4€O a o q 09  » 9 Q 7 O 0 0 o 0 o 0 ° ° 0 
— O >; — C O — O OQ — — — — C; O O O — O O — ፎሮ ርጋ ፎሮ መ” C, O —.O C; ዛርጋ መሎ” ፎ ዎጋ xO COO — O — O S — KO 


l H H || JH H lN || ር= || [|| || || | || [| || [| CON H H || || | || || || ‹= [|| || | || ዘ || || | ዘ ዌሠ [| | ዘ | ዘ H | | ዘ ሠ 
E E EA EJ E: 
FNMNEKNMAMO ሎም (የ1ቦገ COO zr OQ — ሎም ‹.”የኀገሞ ሮ1ቦ) =፥ ቅህቦሏኣኃዕ ሞሎ ‹ሓቄቦሶገ ም ር1"ነ) =2 ህ)› ጋ. ም የ1 ቦገ ሞ ለ; ፣) =ያ ህ VØ 
44447 (3 = = ;Z ¿S OBAS (SGS RE EE Of A (KRE (EE GE PE OO AAA II = ;= = I; =O Eqid P4 = ;x ;= = = = O 
Yu Yu Yu YN VI VI VI VI TD VI UT UN YN YN YN YN YN 1 UN UN YN YN YN YN YN YN YN 5 MIUT U YN YN YN YN UN YN ES UN YN YN UN UN YN VIII TD 


= N m =ት N 
L n LO LO LA 


EZ 


Q 

=4 

= 

= 

> 

` 

AQ 

N EB PE 
me H = 
HO ewm 4 
= O F > 
HEE Æ ` 
JO N Æ 
IVE Se Es 
«Y Hr = 
SUS tu 
HHAHTIVA > 
CQ ex t <ú Pd ` 
ጨመ BO OU 
KAQ >x BD 
[ala = 
O Hs R] 
me fm 
Qmd amus. 
a ADM 
<< DA ፦. 
TOONE 
e3E4A O O 0 < 1 
m OHA 
ቴር መ=ፎሯጩሯኝ » 
EZ QOO Qi = < 
H H e» 
MEGAN OS 
MLN 
«5j 53 72 O =< m= 
MEI DHZ N 
መጠጩሯ>ር2= 
FOO AHO 
ጨሆነሯኞጅ4ር) 
HO MAHN 
HANT Qe 


Í 


ç 0 


VN 
80 


1 


OLLONING PKCCEDU 
TT T> USED 
ARIABLE FLUX COM 


QU S. 
E BEEN CALCULA 


OUID NOT ACCOHMCL 


KOXIMATE FIUX 
ROCECURE BEMPT 


F 
VI 
V 
IF (IHCCN . GE. 


GO TO 66 


T 
E 
1 
A 
H 
E 


O 
e 
| 
Ea 
ØO 

9 
c 
| 
= 
bo 
= 
+ 
i 
a 
e 
N 
c» 
© 
Sr NM TN 9 
SS ËS 
ዘ 

000000 
EE E EA E = 
DO OO A 
Dan) M 

Ay 
ገ ሌራ. መ” ጨመ” መጠ. መመ ጠመ? 

t ዩ 0 0 è q % 
ርጋር C = 
MOAN I 

= = = 3 

9 9 9 9 9 9 ደ 
EE E E n N 
ኑ3 ዮሳ g A d ie e 

o 9 9 9 9 65 

ዘ 
=== === 

OVO O O ZH] 
ፌሪርንኒታርጋኃ ርጋ ሂጋ Hu EJ 
aa dë == HA 
Es HE E E EA nei 

AQ ጩ Q ርጋ ít = PAD 
e 9 5 9 5 8 9ር4 Fra Fa Fu = = NO 
O AAAAARASFS = = = = = 
O ===== == El ጮ! “3 H f BA w^ 
€ till Inam meo mmo munie MY OO è 
e oo eoo HIN Fy bey Fay Ha Ra Pa Fy R F Haro 
| 9 *6 9 9 9 5 1|ሯጆ=:;ጆ፣ | 2224 | xx | 23x | EE | 222 WOW) 
000000 Hr 4 HJ 4 p RA 54 54 ጩጨ ነጭ: zi em 
= MONNNWUP>PpP bb NPP APP >> Um» 
© e e Fry Fra fu = ña = OW i 
Q 9 5 9 ዩ8 9 9251 | =1 1! By! Ht! By! |o! A 
B ARAKAMA Æ] [21 RJ RJ Æ] =H 
HF MARKA PR DRA MEM MRM MRM C) At) 
e. ee eo WHO HHO WHO BHO WHO BHAI HER 
ÆA II >> O ዘ ኡሙጅጩ ዘ ኡውሙወመ ዘ ው>ሙጭጩ ዘ ጮሙውወመ፪ሟ || P > — m Ca = 
== = = = = = = HA E 
220000008 NOAH NOE ዘዝ መ፦ ዘ ዘ ሯኩሁ፤ | ዘ ሯዬ“፥ H HA MF 
OHO U U U U QU fu E3 R4 E ps Es Eu E+ fy HE, Ek d Hi 
QtmaimumunuummjeocqQ EN ZCN BEN ZEN XXe0RO rmaiu) 
QL5 3 EH E E) E £8 E E E RS OD E EO ILE < O 4; QO 1፡4 =2 == ርጋ )፡4 =2 =፡ 32 ዬኒ፲ፐ- AREA 
kq O — —  — DS POOP PUM SP PUMP PUMP PUMP PUM HAZ 
O Pra 54 ሥ4 ኦዶ4 [z+ Eq Ay EH 0 
=t b= prof ff | boi CO e CN m =ት LA CC mb EP 
uxo ps a ES m~ — m~ Om WH 
Neie, m H 


13 


ðr 


dOPINZ 


ANA 
LOTdAX TOVI 
HE “JNWIL LAJLNO 
GiidS JSOLOW 3148፻ኛ፲ 
ANI 
LOTHAX FOV 
IL “Al *YL “IS4HL 103109 
INIYOL NOJON TIEYI 
ANA 
LOTdAX YJOVI 


VdAd “WHI “SNIL 50325በ0 
Y-a 39VLTOA *፲ዘ83880በ23 30538 V ISYHA TIEVI 
LNI4d LISA 
ana 
LOTJAX TIVI 
OYAd “OWI CANIL LNILDI 
D-Y S39VLTOA 'LN3HHÜO SOLON I oe a 
ን 5038194 “€ “zou, Tou 
"ኾበ08፲0 “Lavid * TRI TURI VK] 52922. 8፻፻፲ 
cee “DAWA , 7gaNJA VINTA 
om “IYI 
so" ጋለ (GA YA, NJA “NEN NWA 
`` ° “¿S4HL ’WAUNM “WM INTIMA 


74 


ፎ 
Q 
HD So 
m HW 
ርጋ ጩ ° C4 C4 
= Qu 4 = pd ሥጋ 
aj P ° P iti mo 
D u OU NO NO 
ርጋ w EID oo 
a E pj ረ ES 
tii ati 9 Om `. 
eh ER] Qa en ew == 
ZHna HOM O = E4 ° 9 
ኀ ጩጨ O GO | = E eO 
HB RA «eun NE "H 
pan m O = = =< io | mo መጨ 
E He ORF CN O | HA pa ba 
mc ር ARM "CO ኩም (53 E36 
mo AA om nana NN 
HALO CAn 9 9 =V) HH CO 
< = Qarr DU) N am 
cad = = O QO = `. 
RO H M HW EHI == 
ንአሬጩፎ O E PS . 0 
UNT A E pad EA FH ex ረ 
HHD n Zan > ኣ< ሀን NH | ዘ 
KAU PG Na cf Haz A Au Qu 
Ea tH an = ` NGGA ቃና ሠረ 
DU a zan O xw e => = mq GJEJ 
S Zia OD et ርጋ e xb E aS: 
=<X0O00NM HH DOD 9 moa © Coc 
ON E a O e II O" l! CN ALE ce e, RU AAA 
rt KOR HV || © MSH  ሥሃ/ያ1ነቦገ=ት ሁህሰሏ= ሞኖመ ሥና bd bd P< bd 
o E መረጩወዮ+ ኖመ ኑ-1 9 OLHO "EMEZXZEZX . 021403665341 
Ad] HOKE መ= ውሎው ብሮን Ry SAD m= uW, Ont) e CNC ት በጥ 
KDS Qa a = RAKAR 011 | 1 | 1 ዘ ዘ መ ዴሬ ፌ ፣ጩርሯ 
NIE Es > O ኬ 9 ር) |! Nr | OWUIUMILIAUIA A, Ay tH 3€ 3€ % % 
GREODO AAA omo m SHON ኒሰሞ ዬም pd pd E E Es E EA 
K O rama HV n = Ha Ay ” 6 9 9 9 9(:1፡1ር2 => => 
ZO VL TO NICO + HA AU ዩረኃርጋርጋርሮጋር<2 ንቦንርንርእርጋርንጋርጋ ሲጋ 
aHAO HAMU + CN WINE ARK O DIDI Pa Aa pa AE 
CHARS ጐላ 23% OH O> == ርፎ ኤኬ ክ ኬ & ኬ 3€ 3€ 3 3t 3 
e HOR AME MAD si OHOP ጻጫ|54|፡4ኑ፡4=1፥54 © 9 9 ፃ9 9 è 
K NZH n O © A EAr Pq >= = = == (NNNNN 
HR AVAZ 204 “ii li BZRO ESE<HHHHIH ዩ 6 
H Ss DI HTA mu Ha Han HHHHHHOO w w w w x 
a EVNA EA red FH mede ርጋ m UHH BRAS I| [|| EHEAEHEH EA 
E a m = KØ ሯሮጩሯ ምን 1 SS ZO E ASR = 
N OVHKM DUNT me RA Oe Chem ` ` %ኬ ኤኬ rd OUU O 
= RTD qme ma O D MHU BLOT LAL UD AA a ng es aa o3 
H mee He ` 00 “e ~ ረ” ኑጩፎርኀ Messer NN 
(URRY) ees NDOJ E 14 m TU é ° ç Q oC w a S 9 
VIQHEZA HHHO O © ፃ FG vt HOLE 190000 EX ES E EE! 
O mDmHU HAD ello H MÀ U) HARASS — A A 
er“TZHENZ RxúoOR V o lì NAN m An HHHN2 ኑኡኑ፦ጐ4ኑ1-ን ሽዳ ኤም (t (nt) U) 
Kl H « HAZ ra + $ + N BERKO ልእልጨልልመልልይዉያ è MAMMA 
=> tuy zm H ci eH OAL ዝ ሣፎ; ተብ ኀዓኀ ኑ1ኑ፦4-4፦ዛ4‹“ጋርጋ።-- ዴዴ -፦ቨ“ 
OO Armo zt | «HR ==መመጫሣ፦4656 go * Bp p E AS ej | We 
HS Pim O > “LN MR SSS O Q E «t F3 83 P3 83 B3 83 A C. Q4 EH ERA HH = 
GHANA AZNOHO HHPH NN N kÈ O AD AE pa RA AA AS si= 
ጩፎኒህጋ <ፎ=ኝመ ንጩ mo rst + LS OH eu FO m m 12 H FA HP EA I PA I| 
NZ HOHH Æ onmes mr sý Æ] H ኒበ” ጮምጅሞን ርጋ AAA [| || [| 11 || ሞ”የመ ኑ4ዙተብ4ኑ-4 ኑዳ ኑ-4 
HO>»=2 HDPARS< E euam ZASHMHKH IM ሞም” |! AQ መሣ OVO 
== H OUH QOO Kaona IIMA £3 O Wn 41 OZOQ4U) Aq AA ru AL [|| || || [| [ 
YI SHA VI ni ge MAJË HW n 39 Cr I Bam PS >< >< p< >< >< >< (Lu 
E Q4 E HÀ OS C5 cA EH EA Z0» FH E98 11 2222220461 || li PE e SARA AAAA AR AA 058 CS emm C00 zn ሰ 
(A EA A Qa 165% ርጋ መሮ ሁ-4(/) < =O NM TAR A Á = p+ +: = ü ገ. ቦገ = ህበ ረጋ ጩኦሠ3 ‹ቴሔሩዴፐገርክዝርክርርቭ 


Fu P» EH EH ES IQ E ESO EG FA Z E HG O3 0301 03 72 72 ELI eq req «Gb 72 EA 0 P» P9 P» H AU Ola E VIGO dv) PG LA US Ha A 
ሥ= ርጋ ሞጋ መሮ ፎጄ መሮ ር 1 ፦ RIA 
H H 3€ 3€ 36 96 3€ 36 3€ 3€ 3€ HO. Qu Qu uz =A HH H H 4€ ወመ 


75 


NTO 
QUA 
m = 
— PL 
am AAA “MW 
A DDD BOO 
ኑ UNONON aaa 
Rl CERI e 
A “vv. MA NAN 
f  E4EdEMEHCHEH QOQ QO 
É DDODDDO mmm QUO 
> QUOOOUD tt FJRIRI 
O BB NNN ጩ as «amu 
ጩ ===, + + + Anon B fry Fa 
+ SSS SSS EE pra Te NO m Q = = = = 
€ tA EH ER EL ER TNO] STOW JODI GRU Eu fu toy 
CN. «Qj: mD« fotte ፎሯኋልፎፎቋፎፌፎ‹ጋርጋፓ: EE HHH >>> 
nonono Aa PA qa ea ea Ay I KIKIA Pa na eee +++» 
è Rogge R AO + * + + + + An ec) «c = = ው. owe ELE E 
Es =+. - ኖ (41 ቦን =2ቦሰላ3 fe + + COO i li AMU AAA 
— ክኬ ዢሞ ክ ኤካ ኤ AQA OICIOIOIOI'ON NN GO | E E EA === LAU 
O ASRDUUVUVMKBLDLEUNMBARMKDAJGNNNÆÐDUREBER MOUS BOM KKK mmi 
A >>> + + = —— =< (í) Ciara m =m ay AAG 
፦ FT CU ፲፪ ሓቂቲሓዒጧጊ።ጊ ፡ር<ረጋርክርጋ፡1ጾ816181]ቁሓ NNN CIO we “un. xr 
ዛ፡4 | | | | | d AGOKQOetOmmsruwoWgBAMAD IE Uu HI OOO SHUOTO ms 
HA KI ta pr ka U) AQ ዬጓ ፎሳኋ ኡላ ር-3 ፎላ ር: ር46፡፡ መ= wu ee NUTAN è è è nm 
ed Qe Coe cq e Og] S1 ር2 ርዕ: ር2 6፡62 $ + +00 NNN OO0O0FHZZZIOO +++ 
N EZA Z A A A A ANN NA KRH >p Pm (f I tr NI Z o 4 r] —sc e 
ጮ መመ > > >> SEQ TOR AAAA% KG a nr HKA > ም > = =ú =< ር ር ርጋ ርጋ 
(NOVO የ=ናሽጻፍ= 441 | | መ= WAAR I I ! d> = PS 
BOZEZIEZXZ MAAN "NMILNOTOO* H A መዛ * * IMI E eet 
FJOU1U1U1U1U1U1 pà3* 4€ 3€ E4OIOIOIOIOIOIOONQION e 6. 9:2! ፻ጀሯዮ4 ቄፄ 9 9225መ፻መ፲( ጋ: 1.3 መጀ] =ር1 1ቀዯጭ ጅች 1 | | 
2425 2525: 22 ነመ መሞ 22 ር 62:ር2:65:0:6::6165 640104 m D eere O AAA mu 
HADODODDA AZ 2 RIS — > >= (ES =7=2ሯ2 “== 000 
ጋዳ Ba ka Pe a MMA II I| gp mod የ5ኩ4፦ሣትኀ I [1 ተ 
m t ሟ[ O '= Hw wg > >> 
N | | [|| [|| jH H co H IH F Coe! uu DBU Sw wees | gg 
= =m mQ O < (a U O < HTA MI QA II ዘ | | 


VE AMIN SE E ED OCOOOO CONTOS UE SO e PEL EH es FO ie aL CO 
HAAAAN A ki AV OUI i fal RE Fd Pel 0 AMO ea I Se Ot 


UR 
HE pd] KA KA FA FA RA RA Et Po Pu ke PA KA OG OG UG G HÓ KG KG FG HY FG HAH HAH FAM U HHHAHHAHHHARHPPEP > 


>>> 


* * * * 3 3 


76 


nn m Àq =. z a 


S RIGHT 


r" 
eg age, 
BGO FAR 
YO gan 
bed AOLO 
HNN 
Qa C4 F4 H 
mix AA, 
Med % 
ሆን -ሚጠ ርፓነ 
=, + — 
O < + + 
ef bod ር 
ARE E 
«mim 
m Eb! IS OI 
El* AE 
Ci ot %* 
Cee 
Ooo 
(r) —<= ጋ ም“ 
eed to eM 
OLHE 
ONA mi ki 
Q suu 
n FONG % 
fx] + DUNNO 
A H nun 
© ጐ 6 9 
= OH + + 
= QX“ a > — 
q =< m m ሂጋ ሂጋ TAO om, 
ፎ A SASA + NDO 
=, HAHAHAHA ልነ) `. 
<q zr f O4 rA H 
ha... QOQUN K AY AY 
ሀን MmOMMmO MO ”መናጁችሄዥ። === 
= Q Q -- 000000 wy" mB — 
>>> O ejelelelele ES e ጨመ =c m + 
E 9 9 9 8 9 è O +++ AAA AG AG AG AG Ay 
L... u OU) KG Æ OG AGG — N 
eee = “vv ur. o ane MMM FAX NN N —( 
OOO ሀን MAMMA MM cr) Qs Em xxs LOU Za Es 
NOW ወ= = መረመረመረመረመረረፎ OTIT xxxOTOARARkE M AH FO 
< SOC CO O + OE NANO ESS | መ “OU ጋ 
L... m= 9 9 9 9 9 0 Mit H 3* mm == = tA HANN Or 
se E (N e. nDO HOMO NX oe e 
OOO ክክ ። & OXUN N N zi > > > =) E O OZO 
VOL ሀገ ዮ# (ቦን rO O የ11 ቦገ 2ት ህነኒር) A KKK TM SH 
14 1 QO« mu «ea qaa OQ Pap p BS C DIODICOQOCOO ጐዳ == :ሯ = ፎሮ ርጎ ርጋ m + e ZH 
— > OPH RHR RMN HH HA dt CD ad ad i Ce QY CD Fu y KASA hO Awa 
LADO P bp eee” U UN U A PA pw e EE ይ ረ ነ= ሰጋ 3% ODA 
HEKI I IQI | | Dz = EZ Z S EE kt 3 % 3 3 w VH ጁች ጁ ጐሩኑ-1 ፳2 ሯ2 ሯ2 ኦ፡) 16:1 ፳ PARA =E =m 
FA I m ROO =< | 1 | ህነሀነህሆነሆነሆንርን QI toe AAS Y un SPS 
== ።=ሙ>ሙሙ>መ> hh lu Za ZzZzZz Ze” NYO =n. onn rimari mm O a BEAESGER 
HH HH Ay As Ay NA ኑላጩ ኑ4ርን ጋ ርጋ ርጋ ጊጋ ጋ ኒ) <ርዢቴ<ኃርክርክቭቨርህር።፤ UN) temas] Wintec n= Il 
= [1 > > > > > > sa iz a Ins F+ a > > > > Pp >> || =G j H CFA HO HO IHH AS eo GE] || ll H H 
| ር2 = + (ጋ ፎ 51 ሣትተገሣትኮሣዮኩርኔ1ቲ1ቲ A K 
[ [[ og =Q Il H [|| [| || [| [| H ዘ || ዘ ዘ [|| ዘ [| ዘ [ዘ | AQ OTELO ZOO l = = = (D =, 
LA Q HAH E PH OI IH II ዬ፡4ጅር-ኀ41፡4 ርጋ 
AD AD AAN TIA NA TL ና” (1 ("? =ት ህሰፍርጅ ዮብ4 1342222165 2222222722 =2ር625  ቐሯፎር-ሯፎጩፎርጋ 
>> ሯ> > > > Q DIDI DIO—IODIDI DI DI—IDI DIDIDIO—IO—IO Di J HJ O KJÆR RI HI JO Ð 9 (Q BBHÆ SE EIK Æ 
[34 ፥34 (34 (4 ኑዛ P. > > > P> P> >=> ጮ ኑኀሣዮትሣ ኮኀ ኑኀኮ1 ገ 1, -ዛ6 (ጢ)-ህ ፡ህ 34 1, t+ m (3 m =; P> > > > > >= tat etë tt kat C-4 EP LX DE ¿x A I pH 
3 + + + 


7 7 


MT + 4.*RCUT*IL**2 


0070615 


d PROCEDURE FROVIDES A SIMPLE MECHANISM FOR REVERSING THE MOTOR®S 


ምም 

= 

፦ 

* 

= 

E 

` 

= 

ነጃ 

ey 

at 

HE 

HO 

AWA H 

C E E 

= — 

nol + 

— e 

m=O HAH 
ab ዩር ዚህባር4ሯ= ርነ 
ርጋ E = 
A Isi 
ie 

dE E Sd 
HAa= 0 400 
Qa e SER CD E O) 5 

Ça bë fa 
HAD A 

KH eu) A 
Je 3€ (24 5m 


60 DEGREES 
ION OF ALL 


Me 


E 
F 
T 
THRST + 360. 


IDAZAOZ e 
ADV i er 
HT Ha 
።፡›=ርሮኩ4 e 
Ota mo 


78 


ONMIN 
cere 


0900000 
ውባ EE 


ሩ ዳብ ኢዝ መ መመን መው 

AN Mona 
na H ሦ ሎም 
GARUN ዩ ፃ 6 * 9 9 
MoO Wawa 
AOS DIETA 


Faun ç e e e o o o 
— > — 5 — C° O O —— > O > — c 
N N N 


nn 


O Qi 222222 


dio o Ce So l H IH 


AGO 


ደ ku M H I M HIH 
ርጋ O 


Se EN 
NNR AHH HA EA HH EH E CO Ee EH EHE CO LEA E] CO EH | EH 
HZ OU HL Suv) uuduuuouiunuuumuuuu 


TRIO fey Ea oa Ea Pa fa 


t4 U1 93 Q I bb 
s” 


ፎ 
3€ 3€ FA 


— N m 
— e — 


t e oè 9 9 91፡7? 
ሪ=ምኖሮ ር ርጋኖምዮ።= ጩነ 
CN CN AD 

"nt Hu nun "mna 
Q e) EAE 
E4c7 C40 ጅ፥4ሞ “የ; “ን መ= ኢጋ 
Q HHNH O 1፡4 EY 
e5u10101065 01010102 G 

Fu 
= ሠን OM 
ና ዊሙ Na 

= 


ZED OR SWITCHED OFF 
COMMUTATION 


NG LOGIC 


W1 THRU SW6 
CKWISE 


C C O w O w D 
| | || ዘ | || ርፎ ዘ || ዘ | 
E 


ጋ 
ሠነ 


~ 
= 
ርጋ 
Q 
DE 
E 
` 
= 
NHHO H ONMIN r =n = CN 
(ume ti Lryuniry rn ur r) LN UN LAO) LN LA ሣሇ) 
«GOO P 
= E | RJ O00000 ርጋር 0000 
Qaili M I> >=>! ARE 
HA O ` 
S AH A 00000 IDO OC) 
AO ቿ7 CO co Oto to to ርወ ርኃ ርወርጋ ርኃርጋ 
Hans = 
DAT E RARA AA Am AN, ——— aa, 
=RHHHS ~~ 9 9 9 9 9 9 9 9 9 9 9 9 
=Q Æ = — CD c C CO c cC DI 
ORRE = MWOYN Lo MO ONL CO 
Ono O eee eee 
SHE U 9 9 9 9 ፃ9 9 9 ፃ9 9 9 9 9 
HATH Il E ER EA EA EA Es El EA EH E ES 
sod V RMA wu HJHH 
At =O 9 9 9 9 9 9 =ቅ 9 9 9 9 9 9 
rece NO = 
pa Pa CO ne i i i mA = ZAZAZA 
HHDE ከባ WN O00000 O OO ee oe 
ር2 ፌጋ ጩ ርጋ =ት QOOQQOQO t ርጋ ሂጋ ርያ ሂያ ፌጋ ፌታ 
nau Nei Li = = == EE SEE E E el 
NOTH ` © HHHK © E £4 E23 E4 E29 E4 
= HA FOr ¡de 0 
BON £ EV ° 9 *9 9 9 9 ፃ a 9 9 9 9 9 9 
LH, OW ር o ዕፎሬሪርረ;“=ፎ= Êo AAAAAR 
UI E A) O ZZAZAZZO oO e ZZZZAEZZ 
Dn M - meum mmo EX e en em <Ç 
Et Ee mn 9 9 9 9 e 9ር4ር3 | 9 9 9 9 9 9 
mermo Um è | 9 የ 9 9 9 ek” 9 9 9 9 9 9 
Uki ru HO 000000tH4| + a 9900000 
Ge NEO 2 MONNINDA O MODAN 
Rin] HS o ESO U ሞሎ 
mah] GI AN « Ü 9 9 9 9 9 92: e mM 9 9 9 9 9 9 
tx mE Sof TIT ጩጩ ፦ታጩጩጩክፎ፲ርጋ tt Arana 
nor TAD Ei. Pombo (00009090505 
patio EU e 9 9 9 9 9 9 ርጋ 
O = Ne II Aa REO D 
O AN AI =O P= === == u = == = = = = = 
KE m eBAOQOTAZOOOQOQOHEt="OHOOQOODOOUR 
on PYANO QOHEOOQVVQQE ODHOUDODOO 
ኑሣ4፡2=22መ፡ሮ2ተ-ኀ:2፡ (ጋ ር. Eq >= ===; O == = = == = 
U1:2 Q) Fr FH CX ES Ej EH EC A E E E E EH EO ILE E O A EH EH EA EH 
=ቕት42 ርባ 4) ፤፡0=1ርቲ Ohhh O fu Fry Fey Pra Pr ay 
E301 E FP EO OO HA FCD I P IH LER IP LOO CO COUDSO I IP Im nm m S 
AS LAN w ere 
Fe H H H HO : xe ce 


79 


።=ሞ፻፪=የቦባገነ=ትኒነ45. ና“(ኀዐገ=ት 
tH 2 SIS IS RIS OR 
O AA AS UY UN YU UI UN O UI UU UN 


€ «4D 9 9 9 5 9 e 9 9 9 6 9 CO s o s b O ora 

@ 5 NO — 5 > O O =.Q O5 O ሞኖሞ O> O == ር ም ሞኖ“ ጸ ዎነ ሊሞ” C5 5 — c 2 m 
22 

| [|| ርጋ || [| || H [|| [|| ርጋ [| [| || [|| || [|| ር2 || || [| [| [| [|| ርጋ | [| [|| || | ዘ ሦፈመፎ 
፦ Ei E E EHH] 


WO CAMILO KAMANO KAUMNMNANO FNM "WOZO 
አባ 5) 62ሆ)5ሀ)51ሀ) ህ)ገህ)ንር2 ሀ) ህጉን ሀባ ርባ ሀን ሠን ርጋ ርባ ሀን ሆንሆን ህን ሀንርጋ2 ሀገር ዛሆን ሆንርባ ሀር ፎሠ 
Pa 


N ቦ) = ህን oa 
W ህን W W wz 
i = 


80 


Q 
E 
= 
= 
=» 
` 
ea 
U) E Au 
uje H = 
iO) OG m= 
PE) H > 
H=ZHAa eu e 
o O 1 H3 = 
MUZE EM ሯ 
eti = 
Q fia das t4 H 
AME q > 
Q qt m ` 
Mo ጩ OO 
ka QU CD > PË 
Ee Rd H = 
a VH Aa E] Qe 
JESH EJ eM mo 
(C € 2 ር (qu) x 
a Ay DA OO 
qn AHP AR 
DOM H= 
OO O El JO 
m <ር QHA Core 
OHZA e ANG e. 
armes Aaa — 
H AV > fu e e 
ጩ፳ጩ== n x So 
SAUNA DAR mo 
መ 153 n Om 
NH OO HZ a 9 9 
QEN OZ kati 
RACH HO ail 
L Era MAJO 9 9 
HO m 0404 H IO 
BUNA AR ALIN = = 
N HAHAHA REO WØ QQ 
HAZ Mumm ge ርጋ ኣፍን VO 
TAR ትኩ“ cada 
HZ. El ¡e © EH E 
LOM ZISOFB 
m MAE e 9 9 
MOQ SA N o AA 
መስጩጨሥ -ፈር ABZ.= O ZZ 
MNO ME AIS = ict 
VD -—— tie va 9 9 
Q > Ties | ° ° 
m Ul P< 3 O+ Q =£ ኩኑ-“ርጋ2 DO 
AHADTODERRO A m 
RR OQ «e OQ 
SA Pa ZHUHHM ዲጋ 9 9 
SER =O (OPE | E AR 
HE AROHUASHUD E WU 
= OQEMA MO 9 9 œ 
O eS 41 ) == ር4ርጩጋ e em 
FASE BO AV Ds 
HDGHAKDRARHHOVOZS ZOO 
Q Om ft MZ OHUUÜW 
KAPO =< AQDHZO VEZ 
> KEAVHÆHHAEFEHIFHZL = tt 
Kë AQ E 2 Eq —— agwo 
RIGO RIOLO Qef 
£i hata q> tm CQ QOO FH FR ርጋ Hm 
ta Toke 
3e H H H H H H HU HW 


NM FUN (maru cec 
pe ES e [m~ m [~ m SS 
QOOQO egies] © © 
E E EE EE E E EE 
OOOQ COGO EC) QO 
O O OVV 
——— are u a R 
9 9 9 9 9 9 9 9 9 9 
99090 900000 
DANNO MOANN 
ee ecc 
9 9 9 9 9 9 9 9 9 9 
t EJ E- Ed HE E E AE 
EIE um jj 
9 9 9 9 JH 9 9 9 9 19 9 
CN 
= = = = == === x= m= 
sjelje 0 QOOOOQ 
ROWVO E VYUO 
i EP? el: II ES ER ES 
RARE O EH EA EH E34 E4 
ርጋ , m m Q E, sL a 
9 9 6 9 O € * c 09 ° ef fu Es fry fry fry 
ARARSZ as O “ርፎፎፎፎሯ = = = = = 
== === e vv Z22A232238 RJ E] መ fa HJ 
ex re «e HC ËR Man DAU MMO ax mug 
ta e . ECO | ° ° °° 8 9 ፁ5 fli Fu Hu መ] Pa £a pa Ea pa £a pa 
... em 9 9 9 8 9 | Me tan | zx | ex 122 | a 
S000tH í < 900000 HH! 154 H- 154 154 HH Hy HA E q 
VANA © MOANNO PS nup FN Db Ap» ap» VPP 
wee eC UY ee iu = = pj F fu 
e.. è a e... 94ቁ2%1 | — I ! ZII ZI ZII ZII 
a M0 H FIRMARE = = = = = 
GD GS GD En (= MDTQ QRO MRM asyo mmm Miu 
9 9 ዩ5 9 ርጋ J Fl ç e ç oee WHO HHO HHO BHO HHG HHRKA 
FOO D 1 > > O | > > C I| > > || >> lI! > ew | ሙጮር2ዕ 
== == m = == = = = = = a = = 
OQOOQOQOOOHHNOHOQGQOGCOGQEIN II OEA ji OE4 NODI NOE NOE IHA 
QOOQOE" OFOQUOUQUVOFR HH Es FA E Ey Ed Ea E pra HH] 
E A A O A O AAN BEN EEN ZEN EEN SE ENES U 
E 3 EA E U H E93 € O EH EH E! EH E E ai A A OA (OO PL E OO HZ = Q 422 መ= ርጋ a == u O 
— D P IMP C m > >= 2 ር p> > (9 m > > Q 3) > > (O m 
RAMA O £z Ez P E Fey fy Ay 
ጐዛትኀ ሦ1ተሣሂጋ <ጋ ONVVWYHHHHHHO = CN ቦገ zr L On 
O 33 a o i a — ES CO = 
FEN NAN = 


81 


1. 05-10 


= 
= e 
<= 9 
ኑግ ° 
fx ` 
A ES 
ue 
` i) 
ON p= 
c» a 
O 
e up 
ta 
II a 
FA 
-d H 
fry C3 
A 
Aa ` 
Fu ኡብ 
IA 
` «e 
Er A 
I = 
a 
< ` 
N O 
9 9 = 
° ኑኀ 
| ° 
> 
S2 e eu ጩ 
HIH tÜ =; 
HER > er 
MNE 9 
PAD ù a ` 
GQ Em = 
LY L) > `= 


2H 1H HH ee He eH 
Ha A EA au 

cH 

t 


SEN 


dOLS 
ANI 
, DOTIAX TIVI 
HL “INIL INIINI 
4159401 L s: 
, LOTTAX ADVI 
WM “HWNIL LOILO) 
IiX3dS HOLON TZXGSVI 
ANT 
, LOTIAX 19V1 
WHI “INIL INIINI 
INTYYNI MOLOH Y T 
LOTJAX 19VI 
፲7፲፲ *፲8 ፲5 ፔበ25በ3 
LNgHuHuno YOLOK d ASVHA TIIVI 
ININA LISHI 
CONI 
LOTdAX 19V1 
JWI ANIL LAALAND 
፲እ8388በጋ 80538 ጋ ግ ን ፤ 
=.. 10084 “GOu TOY ር). TL 


82 


e = N 00 = TC 00 = 18 °GL000”"0 = Hg °6“°SL = ENGESN 
TVILI 
“CHATWH SI INTHUND TYLOL JHL 'TIOO CIANHOT UTONIS V SY 
AOI INIHYNI HONH SW FJOIML NI SLINSTH NOLTLISIAZYAdNS AHI ADNIS 
"ITAVSOCNAdAS SY CALVANL ANY ANOYOL CIdOTTAHC 21 SNOLINAIIINOI 
MIJHI INY ATINAGNAd4aGNI GILVAUL LON ፲፳ሂ፻ SONIGNIM ZHL 
“HOLON DA SSATHSAYE V 19 55ዘ3፳፪በጋ IHL 4) 
ONIHDLIMS SNOANVINVLSNI SELVINNIS THQOK SIHL -- XIS NOISHZA 
(L "JAN HOYA SNOISIZA SALI JBL SITATONI ONINGGHON) 
YO ISISNYUI IO MHIL 9XIHOLIMS -- SWILL 
IJOINI INYV NOIDYUNDYS uns NOILSISNVIL 404 TAGOR IVILNINOdXA = 8324: 
#)0 JO ADNVESISAN LINDYID INTIVAINOY -- 209 
NOILOSHIG ASAAATY AOVLIIA ATddhS+ = EIA 
NOILOZHIG CHYMYOI SO9VLTOA XIddNS+ = JIA 
V-2 HLVd INTHHND HOI SHOLSIS 1ሻ83 SAT Ug ር ዘኛ 
TOLON HHL JO LNVLSNOD TNII TYIIYIDITI ፳8፲5 ፦፦ (VIOTIY+VMIZVT = AVLWDI 
9-5 HLYd INTYAND MOJ SHOTS ISHS ES TATY CNY 
YOLOW AHIL JO LNVLSNOO 2፲8፲5 TWIDITIDITI HHL -- (DA01T+VY9)/YT = nviod 
d-Y HLWd INIUUNI VOI SHOLSISNVUL MIS CNV 
YOLOW JHI JO LNVLSNOD AKIL TVOINILDITA HHL -- 1፪ኛ3፲8+ሂጃኳ) /ኛ፲ = በፊ58፻ 
HOLSISNVHL NH4TIOHLNOO JD SHONVLSIS3H JIOLND = L094 
HOLSISNVHL YATTOULNOD do FONVISISIE NIILVINLYS - LVSH 
SONIANIM OL LNSHNÉÜO YATIONLINOID HAILSISHH = DANI 'SodI 
S9VLTOA ASVIATY GALVYANAD SNId 39VLIOA AIddNS-= ZNIA 
፲9ሂ፻ ፔፒ፲ዐሊ ASUAATY AALVYANAD SONIWN Z9VLIOA XATdANS+= LËNIA 
NOILOIYTIA ASJIAZY HOVLIDA ATddnS+ = GIA 
NOILOS3HIG GHVMHOI 39VLIOA ATddNS+ = ITA 
580/5575 8585 ፓ ለ፲ ቫጋ 
GNV HOLON JHL JO LNVISNOD ANIL ፕሂ ጋ፲ፒ፪5ጋጃቫ፲ጃ EHL (LYSY+YU)/YT = EY 
MOLON HHI JO LNWISNOD 4WIL ፕሂ ጋ፲ፒ8ቨጋጃ8ዞ HHI —- 8/ር = 2፻ 
MOLON HI JO LNVYLSNOD ANIL TVDISILDATA HHI -- VY/VT = LUV 
WILSAS HOZOM FHL AO VILYANI TYLI ፦፦ ር 
SYYH9I NOTLINCAY NYHI CYOT 285 30 ነ ፲5፳፳ዘ፲ ፦-፦ ፓግር 
GVOT HHL IO VILAINT -- 10 
(S-S/NI-ZO) HOLOW HHL IO VILSANI -- we 
WILSAS LOLON AHI dO NOILDIYA SNODSIA TYLOL -- d 
ሯ፳ ሂ፲፳9 NOLLIOCIY AYHI GVOT IO LNSIOIJJSOO NOILOIMI SflOOSIA -- d'TH 
GYoT JHI 40 LNIIDIJJSÃOD NOXLOIMJI SfOOSIA -- Td 
(S/GVU/NI-Z0) YOLOW AHL JO INTIDIJITOD NOLILOIYA SNODSIA -- RA 
(WHO Holey. AHL JO TOIONVISISAY -- WI 
(S/QYALZIOA NVLSNOO INT ክቨጋሂ8 — ay 
dWV/NI-ZO) INYVISNOI ANCHOL -- LY 


SONILSIT WVEDOUd JHSI XATI INYISNOI 


ጋ XIGNSddV 


=O 


Fe JE JE AL APA A FWA HO 


83 


NI 
em p 
wf 
so 
ND € N 
ge ` 
ie ~~ an 
ኣርጋ I! = Q (O — 
CX II SES ርጋ 
N E HH y Im == 
Num = = 
=e (O eee n= 
= q Era [4 P4 = t 
= a === HM 
Oe ሥመ RIRI RI «d 
MI HE > > > m 
Fa e «ed ea O + 
WO UU = = Ca U) E 
(No ጩሯ C2 C5 Co H4 Q a an 
e + + HHHO = mn Hi 
C4 W I ex e uy YN UN EA = Ay 
art <q E — =m O =< m O EA EA EH Hm ር መዎ N a 
Na tn a NNO HHHEEKAGALVI KU Zan = e 
e K O e — ee seul MO zm EH => 
e a e SH MMM “ኮተን < GC — wu ፍረ፲ን 
no ፡ an = >= GA GAA € €. w3ormg ርጋ MANN or 
Gr ጋ t4 pen bd BA VI “ww DOOR EK *% EH ti + Næ è em 
O e I Yu EP OOO «e e artis Ul O DA ርጋ 
ID —— ርባ AAA 9 9 ዩሮሬጳር5ርጋዬኡ;ገኑኀ4ኑ4:ጀ/ 63 [4 — MN CS 
e |) NN m HUW SS | ቀ OOQO 4 + PUO ZMMMOMNZA e (|— mm 
ae A de V > eee em OOP HR He HSH Oo Oe 
SHWE tit aja + | ቱ ሞ(ነ1ር/ን ኑ-4 ኑዳ ትግጎ 4 ጐሣ 1 6 ርጋ ጋ፦ 4 >? ውጮ POR “pa SAM 
SC 2 2ዙ፥ዛ4ገ፦ኑ4ህ8.- O e [ IZZO RARA I | ] AN ANA SHAK 
e«qU) MOD Qe +2 o HKOHHAHHAHHRRM v | | I DNR Ale ALA 
> NN "-— 9 ሮ 94,፦ዛ1ትኑ4ብጅ ” > Flat aG G CC ዙጆዙ ጆች Ge fy BR UA "Ez [HHH 
© HAt NN O eO A1 P» E» "e FH B Fl AMUUVRHæÆHDHU anza I3 
Qi mr sú dll om> Bea geld Ss eye > > P> > => LI II "Hut 
da mM I MI 41 | || 2 P4 Pm HC ZZ O HH A Gil 
ora IA EH O Wl Onl m ttg EA exe || ow [|| H ogg NE ex ll Il == FO 
td ti uu nuca m || (NUS ARIN I ræ A | I) Hu RH PBR O 
NASA [1 || Meat Sia m = = = OO RAO? «$034 0 < m C H FNMANOMA N BAZAU 
LLONA AM Thu < +Á I EL ELO 2 4 š; 1 == F+ e 0I iQ QÓ Q O XOIOIOIOIOIOIES Sa, E = = = = 6፡1 22 535 .6=፡ 
27 PG HUIR ARAN LS > > P> P>” 4-4 mit 4 3 (3 Ë P> P> > > =, >” P> a a pan ti pi = ;% S > Eb 
r> = = O > 
Ay Ay = A * + Ý + 


84 


REVERSING THE MOTOR'S 


“OR 


0070615 
FROVIDES A SIMPLE MECHANISM 


PWDEWD (VIN) TH, TL) 


fs 


= WM * TM * 
PROCEDURE 
N.LT. 0. 


PWR 


መ 
Xi 

nr መጫ ንያ ርጋ 
mM JHA ፎል ሥ 
E eg Qu === ርጋ 9 
ጩጨ Ox Amo e 
LD Eu = H Del 9 
HO ሀን EHHH EH ` 
A ጨር" On O 2 

= me Lama O 
oO er QVHH= ርጋ 
Or Q J Ha a 
MA uN a Mme ጋ E 

i E] Hanae o” 
»4- Om OH E 
mo = uum E = 
fja >A VJ HOAN O 
c» m QE E £4 0m > 
fro Qd «d 44 Te if 

Aur HAUT V 

eau Rod Æ 
RIT FAA, ZA Vi 
EE Ho H Sx ` 
Ha Aa Nano rm 
GO NO H H = SNMIW 

E HH Ay N mam Yi MININININN 
c Na += QO = % 

r pá m == =+ 000000 
Or Hej HOAT m= RARE 
HE AE M FO V 

= A E GND ` OCC C) 
EH N OHO M GOO 
ሀገሯ O. O UM = 
TAS Aa OGMORE ` 9 9 9 9 9 9 
HZ O ሀ መነ፦ነፁ=መ2 = Cv 0090000 

De COOH A Æ MO ANIC 
kI w Ev tet H A uU ፍሙ en 
Að mete BOOM ` 9 9 9 9 9 9 
MUNUS መታፆመ መጩወሆ;ሀ;ጩ=ፎዳ=መ።ጠ © E E E EA EA EA 
AA መ LOBUNSDH | x 2597 
H OU = aran l e 9? 9 9 9 9 
AU an ርጋ H OVP Os ` 
MHRA = ፎ ር2ርንጋ ፡13።፡1:23 > M == = = = = 
PIU» ai RANAN J un 090099 

HZH Q) am He N Y ፌያርጋ ርታርጋኒጋፒጋ 
= ye ኩኑ > Q (r <= (O 4 O m=: > ra; a = = 
EE RARO መልመ፡፦ኮዮንቱተኮተይፎ፥ኩኡ- N O HE AH EA EA E4 
Fie < Q nai V A HA 

= = fis d) ኣሪ መጀ ርጋ ህንዮዛህንሱሁ- ሀገ e 9 9 9 9 ቄ 9 
noon naa 0 >» Au HH `. O o AAAAAA 
HHH FITO Qa = (5 CO lA rara 
ጩር-ኩ፥4ር4ፎ2ር-4ፎርጋርጋ PHAROVIÆ-=: HK co ex € = < dj 
Uie rU e 9 9 VIEHZZO N a 9 9 ዩ 9 9 9 
ii Vino. | ምሎ WORE HEO ` e | 9 *9 9 * 9 9 
AJOHYW 10 Nas DON ጩ Q O VODnLODO 

KOLOKGMVUM + HHan KH H CO Æ MEANNAN 
fj l Ae I pa =ፎር4ሆ)ርሠ3፲ ኳክ“ ርጋ oa 
arm QA AMO gg DE U m 9 ርጋ 9 9 9 9 9 9 
DÆSU Tas PAONDMHOe H A mm AAA du 
AU KG ROT ef ANU KR PR ð Full udi ae 
Bi Ta ando fa HIS N Æ 9 9 9 9 9 የ9 9 9:20. 9 . +. 
Atësi [ነ DA U nNMARBN Ha | eO +H C 
QazZ > mi! = Ohh rao VA DARA 
THE tI HA %⁄O æ Jt ጩጨመጩመጩመ ጋማን ንመ፡=መፎመሮፎመጋፒዌ ርሠርጋ Hu M 
GOTSKI NHOH AÀA SARAS BZO ፌ/፦ኀርጋ‹ረሪጋ ኒጋጋ ርጋ ርጋ NR H J 

MOP ጩሎ” ር ርጋ ሀገ ኑኀ == 61=5ኑ-1፡፡13. SDPHBOO Em === (NM 
NMELHANTLHELOO NADO EDH A bitis ECC t E HH a N U HHNH 
B HEYRRIHOUM HESTUR So HR = HQ v A AM 
HEQ C TOY SYS ere ONO Km Ps Faj Fa Pës ki 
ta QUO ፎር ኩ-ሯኝር]0ዕገመ=ዱ ርጋ 5/1ኡ፦.- ፌጋ ፌዖ) ኑሣ (ጋ ኑኀ ኮሣትኀ O 

m =r = RI Au LO LA 

4 3t 3€ QQ FI d3t3t 3t 3 3€ 3€ 36 3€. AM e 


85 


nu uc nu DU 
om O E OR mo 
9 9 9 96 9 OAZ ......01:00M00 2 . . bè 1. MONO «AN. a a 0 0 479 a ac enn 
COCO ሮፆሇጐሞሞ ፎነጋ ተዛፎቆሞ ጮዎ3ሮ2ቲ ቄም ፎሮ ሮ:.20ጐ1<ጋትኑዛሦም ም ሞዐ: ሞ.ፎ <= ፎ3 ሮ ኖምሊኒር ፎዮፁ-1፦ኩ14ሮ2 ም" ሮን ሮሮጋ ሞ<ፎ<ጋርሮጋ ሞ”ሊኒር) ኮህ ፆ፦ዛሮጋ oO 
n n H nu uuo l ll H Il H H H || || ፌጋ [| [| || || [| H H HII E l H || [| H || [| || || = Il 
E md Evil OU il | 1 | | [| | 
e (NCT) =2ትህቦ ሂጋ PAM EAM TOO መ ተተ... San roc 


WE DE E DEDE eO eR HU I d ri LS ES CS Ds Px EE CO HT (O Ee ELE DI ES p= ፲፡ 5:5 ርጋ O eee OU 
NNN NOI HOMINID WA HAHN NUNN NINO HAHN NUNNNNOKHHNM 


e çN ቦን <T 
tN LO LA LO 


86 


D UA 
ጩ ርጋ 
= ዩ64 
9 9 9 9 9 8 9 923ሥሮፎሮን፦ኀ ዩ 9 5 9 8 8 9 * የሮጋር:1ሠ]3 
e" Or OOOO Sage `; DOE 
[| | [|| || [| || ዘ | E [| || H [|| [| H H H Il ona 
፦ || 1] | 
C00 e Cq0n zr uo etu d ZO 


ሀባ 51 50 00 ሀሆ150105ባ 0ሀ)1የ2ኑላኑ4ዮኀ0ባ UN DO Ag 
Ay 


u) om 
ሄን OR 
m= 


87 


NZ etik. A 
== BARDO 
Dust mata 
= +P U 
a AGO 

= H FA Oy xt 
ti tin co 

ai ki GO 5 

kg tat i fy m OR 

£3 

ኩተ 


ENTJOE 


K 
Ob 
EA . 
NH == 
hoj HO 
noO aJ 
= E < EQ 
æg t n 
o DE CES 
Er y= 
gap 
Ne 103 e 
DI As KA 
Or Dru 
tH nr» 
Ci oi r= 
Lo Ane 
pa HAUT 
ata Æ 2 
em Ax 
aj EH H 
ui AU 
ZO mG E 
=m zo = 
Ho «RIA 
AZ HUM 
ao ሥላ "a 
GO Këso 
HAHU 
VA as 
HO AQ ar 
ue Qera 
OO ao El 
HE MONO 
URBE A 
VU mod 
ZA ኔኑ2 ር; 
ra = NT 
HU) HOW 
On 5365 
ad qe ጩ 
Hr MOZH 
mai O 
NNN ÆKRHO 
H D ጩጅዮ(ር) 
Terno anar 
Bom HANA 
t3 Ori 
| HORA 
IV RARA 
m mm RD 


gea e x Um e 
mO Om OR. 
EO Um 


3t 3t 3t 3t H Æ HH 


O 
° 
መ 
II 
= 
` 
C 
« 
ርጋ 
| 
IF A, 
ro = NITO 
= + Crore 
መ) Sm mM 
æ e O + + + 
O we "MN 
ዩ ርነ” Ooo 
Ou = = m 
Ve) II A `a 
WO NNN 
O^ E eun 
ru HO Á——À— DO መ 
Be RO Betta nú — 
+ ni iii tt ዳቶ %* N 
w a ANANA NAN Al 
SN) «O u mmm mmm === ፎ 
SI H= + 
O PN “vens. SPS — 
Oll «O E E43 £4 E4 E31 E3 Qi 
CN c DODDDD +++ Ha 
ei OOOOOQO e 
ON Il II Hem em eA mm m ia, N 
ei re Nero <ኗ = =n (U) N 
|| wÍ eti m~ AN weeseeeee COO MERE C 
Nat o PFPRPHHHHHe GAANA AH 4 
zie a Oe DDODOD ቁቁ ቁ የግርዝሮ!1ሮር!1 61 + 
M” ` e I ፉተርንፌያርንኒን!ር)እርጋ MA q ——n ce 
eot ሙ፡ ን መ GO memo .ርርኑ፦4 NANNY QI 
ኣርጋ ሞ” ት = yy WG men La 
OO e Q Har 2 w w w ww Ó w—— 2 2) 
elo — ሀን BARBA ANMINLDOENNAHAIAOS LAO + 
LO ell CNN e E+4 (r) AÁ > > = = t= = 55 := ይ3ሮ1=ት EA > > > t5 (Q = 3 t) 
e 3e 3t ES ሀ > t tn tm nn ADI ወኑ ፦ሥ | ES ex 
MWe AAA 3 J| +f —— '— — Í eE! | | 4] = = 
II | az O s | SE ee se 3⁄£ 3£ hJ l I! | <— 
ett} “FM (MÁ ec O BMONNNNNYNHeE ሞሎ (Mz 22, EAN 
Hen NN N “OS. O 6 Piq === === === <mC LU) m (O < (r < 
< C ኑ4ኑ-41 NN © OHPPUUUUUU ኑ4“-ተኀሣሮሀነ ሙ > ሙ፻2 =m O = ኑኀ 
Om. mr e FO SN» Es Fra Fry Ps Exa fra FS 09 > > E NHHHO 
E AR EAD [| MI Won VU = Hi ርጋ II 
ao E 1 WA EY O | |] II H | || ዘ ዘመ በዘ EI | ዘመሙ H H Il 
= Kjøt [| | | CAM N t+ Ra H HJD 
MeN Seay il 1 m =< = — Q = = AT NM ST LO NO 4 = = m 3 C) < c = eG 


HU SO NM Tia LH HAHAHA OIQOIOIDINICIO dj mQ (O ES < q (O S e (2 OO E EH 
HI ai PH UJ TI TJ e e g e I ው > > S E QR HA D > > > Y AAA ጆሮ 
= Q r> = < QO > 

HO mz a + 3t e te 


88 


N 
N 

ammm a 

LMU a 

=== U 

HHH = 
AR, se wa 
TO fey fry PH UN 
OO == == m 
go ARB መ 
+ + > > > Mm 
Mun + 
OO aaa 
Hn Q OOO - — 
NN BU uuu s OQ (ሰ 
TO HHH mt + PR — NE WT 
SOON vu LDA E EX ST N o Ó 
m m= 4 AAN =a =. O 
*H*AÆÐAHHHAÆmVU=mMm EH = so m 
MNE E HHIH me “A YO C 
DOG LDU ve AARO ANO Er so 
LIL .. DODR* $ 3 pA + NA è po 9 

DOCO (tras O Ox O 
ቱቱርጋ 9 9 DOONQNDA TON cU * 
OOCQ dp p Ad e “መች, ሯ፲1ኑ-3 

2 ር: ር.) Pa Po non OOF RE 


—— lu u u m mm mmm Aa ታብ ሯጅጭትጭር፡ጩፎ 
NNO ጐ፦ዛ4ኑኀኑ-43 6ገ 51” “ሙም- Sn AE muse 
ፎ፪ ፎሮ Iz) = = ፎር ሮዌቄ ርነ ርነ ጁ *%% UA Im MAE 
> III MO sA lla = 

Hari ni ss sh EH li in le 
II Il E+4 HHHO H an 

Ou dH SEHE SI [| xS «Oui 
moo ጩፊርፎ ዘ ዘ1ዘ,ዘመ | ከ [ዘቨዘመጩ“ሁ፦ሠመርጋ 
መ ፎመርኋ መሮ ርጋ ( 3 መሮ ወጋ ሂጋ He N MEEKERKHAUM 
Ha ass SHKA QI (O> = == = ==; = === 
ሀኒ ትሣኮሣሦ1 ሦ1ዬ3 ር3 ር3 ሙጮ >> m t e| = E E PP E EH EH EU 


3 + 


89 
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